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1.1 Introduction
A flood is a hydrological event characterized by high discharges and/or water 
levels that can lead to inundation of land adjacent to streams, rivers, lakes, wetlands 
and other water bodies. Flood, as defined by the International Commission on 
Irrigation and Drainage, is a relatively high flow or stage in a river, markedly higher 
than the usual; it also includes the inundation of low land which may result therefrom. 
Floods may be caused by natural events, by human activities, or by combinations of 
both. Regardless of their cause, floods have a profound effect on people and the 
economy. On an annual basis floods leave over 3 million people homeless and affect 
the personal and economic fortunes of another 60 million people (WCD, 2000). Since 
the dawn of civilization, destructive floods have jeopardized settlements located in 
river valleys and floodplains. Throughout the history of mankind, floods have brought 
tremendous wealth and prosperity to civilizations, and yet at the same time, they have 
caused huge losses and resulted in untold suffering for millions of people. Floods are 
the most devastating natural hazards in the world causing the largest amount of deaths 
and property damage (CEOS, 2003). According to the Red Cross, floods between 
1971 and 1995 affected more than 1.5 billion people worldwide, including 318,000 
persons who were killed and over 81 million left homeless (IFRCRCS, 1997). In 
2003, floods accounted for 3,723 fatalities around the world (Munich Re, 2003). A 
ten-year comparative study of the world’s great flood disasters from 1950 to 1998 
showed that the number of flood events increased nearly threefold, while the 
economic losses of the 1990’s are ten times as high as in the 1950’s, amounting to 
$250 billion globally (Loster, 1999).
Floods are unexpected and uncontrollable and were common long before the 
man was able to understand the natural processes. Even today, most floods are 
independent of man’s influence. But human beings have contributed to the problem 
by urbanization, by ceiling of water absorbing ground with buildings and pavements, 
ill conceiving practices in lumbering, agriculture and industries.  The sensitivity of the 
river floods to land use change showed to be effectively dependent on the climatic 
behaviour and the geomorphologic characteristics of the river basin. Despite 
developments in technology and extensive investments in flood control works, 
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frequency in flood occurrences and the accompanying hardship and material damages 
are not decreasing. However, floods are also among the events widely regarded by 
people as natural hazards. Actually, the frequency, extent and subsequent hazards 
associated with flood events have dramatically increased over the last few decades 
(Bechtol and Laurian, 2005). This trend is largely due to human activities, mostly 
related to land use changes and consequent floodplain loss. Research on the impact of 
the change of vegetation on the water balance at catchment scale has been subject to 
extensive observation and modeling across the world for many years (McCulloch and 
Robinson, 1993). But quantifying how changes in land use affect the hydrological 
response at the river basin scale is a current challenge in hydrological science. Rivers 
are the natural drainage channels which carry away part of the precipitation that falls 
on the earth's surface. Flooding is an important process in the natural environment and 
cannot be entirely prevented.
From a geological perspective, floods are a natural consequence of stream 
flow in a continually changing environment. Floods have been occurring throughout 
earth’s history, and are expected so long as the water cycle continues to run. Streams 
receive most of their water input from precipitation, and the amount of precipitation 
falling in any given drainage basin varies from day to day, year to year and century to 
century. Heavy rains, land use change including deforestation in the basin areas and 
various engineering applications on river channels all contribute to the magnitude and 
frequency of flood events. A rainfall contains an astonishing amount of water. It has 
been computed that one inch of rain falling evenly over one acre (43560 sq. feet) 
amounts to a total of 6.27 billion cubic inches of water which is equivalent to 27100 
gallons of water. If one inch of rain falls over an area of forty thousand square miles, 
the volume of water would be more than two million acre feet i.e. two million acres of 
land would be covered by water to a depth of one foot. This amount is equal to six 
hundred fifty million gallons of water. The loss from gross storm rainfall on a 
drainage basin is an important parameter in a wide range of hydrological studies. Loss 
is the difference between rain which falls on a basin and the direct storm runoff which 
results from that rain. Over a long period it has been widely accepted that the losses, 
which are mainly comprised of interception, infiltration and depression storage are 
related to basin soil and vegetation characteristics. This widespread acceptance is 
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reflected in design flood estimation. For example in guides to practice such as the 
American Society of Civil Engineers Manual of Engineering Practice (1949) the 
infiltration capacity is related to soil and land use characteristics. In the US 
Department of Agriculture National Engineering Handbook (1971) the difference 
between storm rainfall and storm runoff is related to soil type and land use. A similar 
relationship is recommended in the UK Flood Studies Report (Natural Environment 
Research Council, 1975), the difference between storm rainfall and runoff being 
related solely to soil characteristics. The last two of these examples are concerned 
with the differences between total storm rainfall and storm runoff.
The hydrological processes responsible for flood generation are continuous 
and interrelated across a river basin. There is a close relation between water resource 
management, river management, land use management, forest management, erosion 
control, agriculture, urban drainage and sewerage within a basin. The frequent 
occurrence of several extreme flood events since 1990 has brought up an ongoing 
debate about the human impact on this phenomenon. According to the European 
Environment Agency (EEA, 2004), the main driving forces behind floods are “climate 
change, land sealing, changes in catchment and floodplain land-use, population 
growth, urbanization and increasing settlement, roads and railways and hydraulic 
engineering measures”. Land use change is an important characteristic in the runoff 
process that affects infiltration, erosion, and evapotranspiration. Due to rapid 
development, land cover is subjected to changes causing many soils to become 
impervious surfaces which lead to decrease in the soil infiltration rate and 
consequently increase the amount and rate of runoff. The major changes in land use 
that affect hydrology are afforestation and deforestation, the intensification of 
agriculture, the drainage of wetlands, road construction, and urbanization (De Roo et 
al., 2001).
Changes in the characteristics of the catchment have influence on the 
characteristic and magnitude of flood regime. The information on changing land-use 
within a watershed is vital for evaluating the hydrological impacts. Human activities 
have profoundly changed the land on which we live. In particular, land use and land 
management change affect the hydrology that determines flood hazard. Deforestation, 
urbanization, and the land-use activities can significantly alter the seasonal and annual 
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distribution of stream flow (Dunne and Leopold, 1978). Development of land from 
forested cover to intensive pasture is known to increase the rate and total volume of 
runoff during storm events (Selby, 1972; Jackson, 1972; Rowe, 2003). Such land use 
changes result in higher flood peaks, and greater fluctuations in flows and water levels 
(Hamilton, 2001). With increase in constructions along rivers and concentration of 
population around submergible areas, the flood-induced damages are increasing. 
Land use/land cover changes influence the condition for transformation of 
precipitation into runoff. The qualitative impact assessment of urbanization, 
deforestation or agrotechnical practice on size of flood discharge or the volume of 
flood waves is not a problem (Smith and Ward, 1998; Neaf et al., 2002). For instance, 
the change of agricultural or forest landscape into an urbanized landscape or the 
change of forest landscape into agricultural landscape are dramatic changes and the 
impact of urbanization or deforestation on the discharge process is comparatively 
easily identified. Built-up impermeable areas cause formation of rapid overland flow 
at the cost of the natural retention and subsurface or groundwater flow. The 
consequence of a rapid runoff into the streams is faster formation of flood waves and 
the increased volume/size of flood wave discharge culminations. There are several 
evidences that changes in land use have influenced the hydrological regime of various 
river basins. These impacts can be significant in small basins (Jones and Grant, 1996).
Generally speaking, the hydrological impacts of land use change depend not only on 
the overall changes in land use types but also in their spatial distribution (Schumann 
and Schultz, 2000). It is, however, more challenging to quantify the impact of land 
use change on the rainfall-runoff relations for large basins where the interactions 
between land use, climatic characteristics and the underlying hydrological processes 
are often more complex and dynamic (Uhlenbrook et al., 2001). Records of recent 
flooding at many locations worldwide indicate the more frequent occurrence of floods 
due to climate variability where an increase in heavy precipitation might lead to an 
over-proportional increase in runoff due to non-linear processes. For instance due to 
the increased winter rainfall totals and intensities over the second half of the 20th 
century, signs of increased flooding probability in many areas of the Rhine and Meuse 
basins have been documented (Liu et al., 2004). It is, however, at present rather 
uncertain, how much and at which temporal and spatial scale environmental changes 
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are likely to affect the generation of storm runoff and, consequently, the flood 
discharge of large rivers (Bronstert et al., 2002). Conversion of agricultural, forest, 
grassland and wetlands to urban areas usually comes with a vast increase in 
impervious surface, which can alter the natural hydrologic condition within a 
watershed. It is well understood that the outcome of this alteration is typically 
reﬂected in increases in the volume and rate of surface runoff and decreases in ground 
water recharge and base ﬂow (Andersen, 1970; Lazaro, 1990; Moscrip and 
Montgomery, 1997), which eventually lead to larger and more frequent incidents of 
local ﬂooding (Field et al., 1982; Hall, 1984). With increasing human alteration and 
development of the catchment area, the runoff generation process is changed 
especially through decreasing the infiltration capacity of the soil cover. Flood 
hydrology of a watershed shows an intimate relationship with the prevalent land use. 
As the watershed becomes more developed, it also becomes hydrologically more 
active, changing the flood volume, runoff components as well as the origin of stream 
flow. In turn, floods that once occurred infrequently during predevelopment periods 
have now become more frequent and more severe due to the transformation of 
watershed from one land use to another.
Anthropogenic land-use changes cause various hydrologic and geomorphic 
adjustments, including alterations in the size and timing of flood peaks (Hornbeck et 
al., 1970; Knox 1972, 1977; Potter 1991; Orbock-Miller et al., 1993) and in the 
magnitude and type of soil erosion (Douglas, 1967; Piest and Spoomer, 1968; Costa,
1975; Renfroe, 1975). For forest land-use, it has been observed that afforestation and 
the promotion of sustainable forest management will considerably increase the water 
retention capacity in landscapes (FAO 2003). The areas most vulnerable to damage by 
flooding are urban areas (van der Sande et al., 2003) and thus, the urbanization of 
hazardous areas is the responses of the recent dramatic flood disasters (Water 
Directors, 2003; Handmer, 2000). Change in land use exerts a significant influence on 
the relations of rainfall-runoff and/or runoff-sediment (Yang and Yu, 1998) and alter 
soil and water loss accordingly (Kim et al., 2002).
Historical datasets of land use can be used to know the location and types of 
land use change as a step toward investigating the impact of such change on floods.
However, several publications highlight that flooding is mostly a consequence of 
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human mismanagement of rivers, their floodplains and catchments (Estrela et al, 
2001; WWF, 2004). Non-structural measures strive to reduce flood impacts without 
altering flood characteristics. These measures do not have such a direct effect on the 
flood discharge as the structural ones, but they try to reduce the damage caused by 
possible flood events by means of a management rather than a construction policy
(Estrela et al., 2001). Flooding is a natural phenomenon which cannot be entirely 
prevented and has an important role in the natural environment. But the frequency, 
magnitude and derived negative impacts from flooding are depicting an increasing 
trend since last few decades; becoming the leading cause of social, economic, and 
environmental losses from natural hazards. In view of this mounting threat, the 
paradigm in flood management is shifting away from directly combating the effects of 
flooding and towards managing the causes and risks. This novel approach has been 
called ‘Sustainable Flood Management’, and it combines socio-economic benefits 
(flood mitigation) with environmental benefits (habitat restoration). 
This new paradigm requires an integrated and holistic approach to flood 
management, where not only the areas directly affected by floods but also the entire 
river basin / catchment must be considered. The inclusion of the uplands and lowlands 
within the basin management naturally incorporates a wide range of land uses; 
including forest, pasture, arable land and urban areas. As a result, a successful 
implementation of the SFM approach entails interdisciplinary co-ordination and 
participation at all levels of government, across different sectoral policies and with all 
concerned stakeholders.
Traditionally, society has tackled flooding in a reactive manner, in which the 
construction of large-scale structural defences is implemented in hindsight of a severe 
flood event (Timochkina, 2004). While such projects may meet their short-term goals 
and hard engineering solutions have protected urban dwellers from inundation, it has 
been suggested that, in the long term, they have failed to reduce economic loss from 
flooding (Mileti, 1999). Protective structural measures have a tendency to increase the 
development level in flood prone areas, as it is assumed that building and investing in 
protected areas is safe. Moreover, structural defences are simply designed to change 
the flood characteristics. When the design capacity is exceeded, the changed 
characteristics can yield more damage than would have occurred otherwise (Kelman, 
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2001). It has recently been estimated that for every 1 US Dollar spent for mitigation, 
there is an 8 US Dollar reduction in losses (Abramowitz, 1999).
But in order to proceed with a holistic and sustainable approach to flood 
management it is necessary that an integrated river basin/catchment approach be 
followed. The accelerating demand for flood-plain information makes desirable an 
evaluation of alternative techniques to standard engineering flood line and regional 
flood analyses (Wolman, 1971). In response to the devastation arising from water-
related natural disaster, particularly flooding, a good number of workshops and 
symposia were held, sponsored by various international organizations.  One objective 
of these events was to create comprehensive guidelines that could be used by 
governments, international organizations, non-governmental organizations and civil 
society to help avert losses from flooding. The inclusion of the uplands and lowlands 
within the catchment management naturally incorporates a range of land uses 
including forest, pasture, arable land and urban areas. As a consequence, effective and 
integrated sustainable flood management requires interdisciplinary institutional co-
ordination across all sectoral policies and with all concerned stakeholders (WWF, 
2004). Understanding how these activities influence stream flow will enable planners 
to formulate policies towards minimizing the undesirable effects of future land-use 
changes on stream flow pattern. Effective planning measures require an understanding 
of the factors that contribute to losses due to flooding. Typically, multiple actions 
must be taken to proactively manage the risk. A multiple mitigation approach would 
consider measures such as: preventing or restricting new or inappropriate 
development or activities in the flood plain; removal of certain structures from the 
floodway; flood proofing of structures in the flood plain; introduction of structural 
measures such as levees, dams and constructed channels; controlling land use 
practices within the basin; and applying flood forecasting and warning systems linked 
with response mechanisms.
1.2 Significance of the Study 
An extreme natural event becomes a disaster when it has a large impact on 
human settlements and activities. Therefore, the study of floods includes a strong 
component of both social and natural science (Andjelkovic, 2001), and flood risk 
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management must consider several aspects, such as climatic, social, economic, 
institutional and technical issues. Floods are one of the most dramatic interactions
between man and nature (Ward, 1978). There has always been a struggle between this 
force of nature and mans adequate efforts to control it. Throughout the history floods 
have been an integral part of our civilization. Still men have not quite coped well to 
live with floods. This can be attributed to the complex nature of the flood as well as to 
the varied response to it. It is always hard to tell which one is the better policy, to 
fight floods or to learn to live with the floods.
The study of basins to attempt to assess the impact of land use change has a 
long history and Walling (1979) has traced this back for at least one hundred years. A 
number of experimental designs have been used during this time. The classic 
experiment which established the paired basin approach was the Wagon Wheel Gap 
investigation in Colorado initiated in 1910 (Bates & Henry, 1928).
Since the twentieth century, the frequency of global flood disaster has been 
higher than any time before. One of the important reasons is land use/land cover 
change by the human activities. In the recent years, scholars have conducted 
researches on the relationship between land cover and hydrologic factors such as near 
surface evapotranspiration, interception, infiltration and run-off generation and 
concentration. As extreme hydrological phenomena, floods can influence many 
aspects of human life due to their destructive effects and the significant expenses of 
mitigation efforts. As the earth’s population has been growing rapidly and more stress 
is put on the land to support the increased population, hydrologic resources are 
affected both on local and global scale. It is increasingly recognized that the 
management of land and water are inextricably linked (Defra, 2004). The potential for 
surface runoff and soil erosion has mostly affected by land use and cultivation (Van 
Rompaey et al., 2002). In urbanized regions, flood is a primary obstacle to urban 
security. So, it is necessary to study the effect of land use/cover change on surface 
runoff. The change of characteristics of steam flow in the drainage basin caused by 
the great change in land use/cover in the urbanization process could be very severe: 
(1) With the expand of city, the waterproof area grows rapidly, accordingly the 
original capability of rainfall detention in the drainage basin declines sharply while 
the runoff coefficient grows evidently. (2) The large area of urbanized land leads to 
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the decrease of the surface coarseness, while the building of road and drainage system 
also contributes to the rapid growth of runoff concentration speed and greatly 
shortened time of runoff concentration. (3) As the detention capability in the drainage 
basin declines and the runoff concentration speeds up, the wave shape of flood 
becomes more susceptible to high precipitation intensity in short time, and the 
original capability of smoothing the flood wave shape in the drainage basin is 
decreased, making the flood wave shape sharper than as was before the exploitation of 
the drainage basin and also leading to an evident growth of the flood peak discharge 
(Chen et al., 1993). 
Flooding is the leading cause of losses from natural hazards and is responsible 
for a greater number of damaging events than any other type of natural event. It is 
reported that flood disasters account for about a third of all natural disasters by 
number and economic losses. In addition, they are responsible for over half of the 
deaths associated with all such disasters (Loster, 1999). What is more, there is the 
trend of an increasing number of deaths being due to floods. Every year we are made 
aware of serious floods that lead to significant loss of life in one part of the world or 
another. In recent years there have been catastrophic floods in Bangladesh (1997), 
China (1998), Ecuador (1997), Mozambique (1997), USA (1993), Poland (2000), and 
Czech Republic (2001), India (2008) and Pakistan (2010). The flooding in Pakistan, 
which started in late July and still persists today, has directly affected over 20 million 
people. Over 1.8 million households have been destroyed or damaged. Approximately 
1,752 people have died and over 2,700 are reported injured (OCHA-United Nations,
2010).
Human activities have profoundly changed the land on which we live. In 
particular, land use and land management change affect the hydrology that determines 
flood hazard and water resources for human and environmental need. Soil forming 
environments and erosion processes is a much debated question when studying the 
relationship between human impact and environment change (Ballantyne and 
Wittingtone, 1999; Vanniere et al., 2003). The EU Directive on the assessment and 
management of flood risks (Floods Directive) states that measures to reduce flood 
risks should, as far as possible, be coordinated throughout a river basin if they are to 
be effective. It also notes that floods are natural phenomena which cannot be 
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prevented but it elaborates on this by stating that some human activities and climate 
change contribute to an increase in the likelihood and adverse impacts of flood events. 
These human activities are described as including increasing human settlements and 
economic assets in floodplains and the reduction of the natural water retention by 
different land use classes. The Directive therefore, suggests that catchment land use 
could potentially have an important role to play in flood risk management. Land use 
can be planned on a catchment scale to target the causes of flooding by distributing 
certain land uses in key areas within the catchment. The land uses to be considered 
include the catchment’s vegetation cover, soil cover, river channels, and related 
aspects such as ground drainage, access roads and river morphology. For flood 
management these land uses need to be distributed to control the rate of runoff during 
storm conditions and the rate of flow down the watercourses. 
In recent years, water topics have received great attention on the international 
agenda. In many parts of the world, the frequency, extent and subsequent hazards 
associated with this threat have dramatically increased over the last few decades 
(Bechtol and Laurian, 2005). This trend is largely due to human activities, mostly 
related to land use changes and consequent floodplain loss. There is a general belief 
that extreme flood events will occur more frequently due to changes in climate and 
land use change (Reynard et al., 2001; Brown and Damery, 2002). The Plan of 
Implementation of the World Summit on Sustainable Development (WSSD), held in 
Johannesburg in August/September 2002, highlights the need to “... mitigate the 
effects of drought and floods through such measures as improved use of climate and 
weather information and forecasts, early warning systems, land and natural resource 
management, agricultural practices and ecosystem conservation in order to reverse 
current trends and minimize degradation of land and water resources …”Flooding is 
one of the greatest natural disasters known to humankind. Flood losses reduce the 
asset base of households, communities and societies by destroying standing crops, 
dwellings, infrastructure, machinery and buildings. In some cases, the effect of 
flooding is dramatic, not only at the individual household level but on the nation as a 
whole. It may, however, be argued that looking at the impact of floods on a piecemeal 
basis, rather than making holistic appraisals, has too narrowly assessed their impact. 
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1.3 Literature Review
In recent years, extreme River flooding has occurred in several regions of the 
world. This phenomenon, which includes the dramatic flood events throughout the 
globe, is mainly due to an increase in the vulnerability of regions to flooding. As a 
result, there is currently great public interest in this issue, and it is necessary to 
intensify research activities in order to understand natural disasters better, and to 
reinforce risk management. In the recent years, scholars have conducted researches on 
the relationship between land cover and hydrologic factors such as near surface 
evapotranspiration, interception, infiltration and run-off generation and concentration.  
Few studies related to land use/land cover change and its impact on flood hydrology 
are briefly discussed below:
Burger, (1943) conducted research on two catchments of Sperbelgraben and 
Rappengraben in Switzerland  and came to the conclusion that flood peaks from 
100% forested area were one third to one half lower than on 30% forested catchments.
Hoyt and Langbein, (1955) in their study found that after seven hundred 
hectares of deserted farmland were afforested the volume of flood flow was not 
affected, but the peak flows were only 15% of those prior to afforestation. Lag time 
increased from 1.5 to 8 hours. 
While Working in Cascade Mountains Anderson., (1958) concluded that clear 
felling one square mile of forest could be expected to increase flood peaks by 1.1 m3/ 
sec/km2.
Wilson, (1967) in his study in Jackson, Mississippi concluded that the fifty 
year flood for an urbanized catchment was three times higher than that of rural one. 
An anonymous study on two small basins in the Australian Alps (Wallacies 
creek and Yarrango Billy) which were burned over revealed that rain storms, which 
from the previous records would have been expected to give rise to a flow of 60-80 
m3 S-1 produced a peak with six fold increase.
In a classical study, G.K. Gilbert (1971) demonstrated that hydraulic mining in 
Sierra Nevada Mountains of California led to the addition of vast quantities of 
sediments into the river valley draining the range. This in itself raised the bed level of 
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the river, changed the channel configuration and caused the flooding of lands that had 
previously been immune. 
Knox, (1972) concluded that land use changes subsequent to European 
settlement of the upper Grant river watershed increased upland erosion and run-off 
and produced substantial changes in stream and floodplain morphology.
Piereira, (1973) in his book, “Land use and Water Resources in Temperate and 
Tropical Climates” mentioned that the first experimental study, in which a planned 
land use change was executed to enable observation of its effects on stream flow, 
began at Wagon Wheel Gap, Colorado in 1910. Here stream flows from two 
watersheds were compared for eight years. One valley was then clear felled and the 
records were continued. After the clear felling the annual water yield was 17% above 
that predicted from the flows of the unchanged valley. Peak flows also increased.
Swank and Douglas, (1974) concluded that the substitution of one forest type 
for another also affects stream flow.
Tollan, (2002) in his paper while making a reference to Norwegian HYDRA 
research programme on human impacts on floods and flood damage, concluded that 
land use change effects on floods are most pronounced at small scale and for frequent 
flood magnitudes. 
Bosch and Hewlett, (1982) concluded that in the long term, afforestation 
reduces flows due to increased evapotranspiration.
Leenaers and Schouten, (1989) in their work revealed that due to an increase 
in the urban area and sealed roads as well as scale enlargement and modernization in 
agricultural practices in the hilly province of Limburg (Netherlands) has contributed 
to an increase of surface runoff, causing severe runoff problems of water damage in 
urban areas and soil erosion on agricultural cropland.
Rao, Shyamala and Rao, (1989) in their joint study entitled “Evaluation of 
Integrated watershed Management Programme – Flood Prone River- Upper Yamuna-
U P and H P found that the heavy pressure on land in the catchment by the increased 
population, the wanton destruction of forest cover and indiscriminate cultivation 
Chapter -1                             Introduction
13
practices in the catchment areas have increased runoff and silt load into the river 
causing changes into the river regimes, resulting in more floods.
McEwen, (1990) describes how historical flood information is used to assess 
the effects of land-use change on catchment flood regime
Overland and Kleeberg, (1991) concluded that the relatively small changes in 
land use can produce significant changes in peak flow and the runoff depth. 
Olive and Reigor, (1991) also computed a correlation between land use change 
and stream sediment transport.
Sandstrom, (1995) in his study on the floods in Lake Babati after analyzing 
rainfall trends and using water balance model simulating lake levels under both 
forested and deforested catchment conditions concluded that deforestation and land 
degradation induced the floods.
Pitlick, (1997) suggested that the land use modifications are important for the 
floods with return period less than fifty years.
Samant and Subramanyam, (1998) while studying flood problems in Mumbai-
Navi-Mumbai came to the conclusion that in the study area there has been a 
significant reduction in forest and agricultural land while as threefold increase has 
been witnessed in built-up from the last seventy years. This has affected the natural 
drainage of the cities causing floods during monsoons
Crooks et al. (2000) studied the effects of thirty years of urbanization on two 
sub catchments of the Thames and the study revealed an increase in the flood 
frequency.
Lahmer et al. (2000) investigated the impacts of environmental changes on 
flood generation. They simulated floods in response to an extreme precipitation event. 
The study demonstrated that the forest scenario had a considerable impact on the 
flood wave at the basin outlet; Compared to actual land use, peak flow and discharge 
volume were considerably reduced. 
Hernandez et al. (2000) analyzed hydrologic response of a watershed to the 
land use and precipitation variability. The runoff depth was calculated for each land 
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use class and the range in runoff depth was from 0.07mm for forest to 59.7mm for 
barren. 
Unweltbundesamtp, (2001) performed an analysis which revealed that the 
increasing area under urbanization increases flood peaks.
Susswein et al. (2001) Bands et al., (1987) and Van Lill et al., (1980) studied 
the impact of forest cover on surface runoff and concluded that the change in forest 
cover alters the overland flow pattern.
Fohrer et al. (2001) applied the physically based hydrological model to a meso 
scale catchment to assess the impact of land use changes on the annual water balance 
and temporal runoff dynamics. It was shown that surface runoff was most susceptible 
to land use changes. 
European Environment Agency, (2001) stressed that the main driving forces 
behind floods are climate change, land sealing, changes in catchment and floodplain 
land use, population growth, urbanization and increasing settlement, roads and 
railways and hydraulic engineering measures. 
Hirji et al. (2002) reproduced a flow time series for the Iringa catchment in 
Tanzania and the study showed equal runoff coefficient for the forested as well as 
cultivated land. Runoff from the forested catchment was markedly lower in dry the 
season.
Wegehenkel, (2002) examined the impact of afforestation and demonstrated a 
significant reduction in discharge and an increase in evapotranspiration for a semi 
humid meso-scale catchment in eastern Germany applying a conceptual hydrological 
model.
Niehoff et al. (2002) showed clearly the influence of the land use on storm 
runoff generation for different types of rainfall events.
De Roo et al. (2001) identified urbanization, agricultural intensification, forest 
cover change and drainage of wetlands as the most important factors affecting flood 
hydrology.
Ghimire et al. (2003) also studied the impact of expanding agricultural land on 
the stream behaviour. The study revealed three types of geomorphic hazards: bank 
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erosion in the terraces, stream widening in the floodplains and widening and course 
shifting in the area of confluence. 
Pikounis et al. (2003) worked out the correlation between land use change and 
discharge and came to the conclusion that deforestation resulted in the greatest 
modification of total monthly runoff.
Rowe, (2003) investigated the difference in flood peaks for forest and pasture 
land uses for a small scale experimental site of catchment. He found that smaller flood 
peaks were approximately doubled and that larger peaks were also increased in 
magnitude for pasture over forest.
Wissmar et al. (2004) attempted to find a correlation between land cover 
changes and flood discharges in Cedar River basin during pre settlement conditions, 
1991 and 1998. The researcher came to the conclusion that the discharge was higher 
in 1991 and 1998 than before 1991 and suggested that the chances for floods increase 
because of changing land covers.
World Meteorological Organization and Global Water Partnership., (2007) in 
their joint report entitled “The Associated Programme on Flood Management” for 
integrated flood management also assigned a significant importance to land use 
planning for flood management. 
CEC, (2004) and UN, (2004) argued that the main driving force of flood 
disasters damage in Europe is not increasing hazard, but increasing vulnerability, 
mainly due to extensive building in flood prone areas. Ott and Uhlenbrook (2004) 
reported similar findings.
Liu et al. (2004) also carried out a similar study which reveals that the direct 
runoff from the urban areas is dominant for a flood event compared with runoff from 
other land use classes.
Mustafa et al. (2005) constructed hydrographs for Upper Bernam River. From 
the hydrographs it was found that the increase in peak flow between 1989 and 1993 
was quite high as compared to 1993 and 1995 because land use change process during 
1989 and 1993 was more active. The time required for a flood to peak was also 
reduced. 
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Morris, (2005) supported the fact that the opportunity exists for land 
management to mitigate flood risks. 
Kimaro et al. (2005) concluded that the land use change can be associated with 
the increasing flood peaks and reduction in lag time. 
Ashagrie et al. (2006) also carried out a study in which he tried to analyze the 
impact of land use change on river discharge. 
Rongrong and Guishan, (2007) simulated two flood events under five land 
cover scenarios. It was concluded that under the same rainstorm, the ascending order 
of runoff and peak flow produced by the five different land covers were woodland, 
shrub, grassland, arable land and built-up. The descending order of swelling time was 
woodland, shrub, grassland, arable land and built-up land.
Ostric and Horvat, (2007) concluded that the land use/land cover is an 
important factor in run-off and therefore erosional processes. 
Weng, (2007) in his study found that an increase in urban growth increases the 
surface runoff and highly urbanized areas are more prone to floods as it lowers 
potential maximum storage. 
Dorner et al. (2008) also studied the impact of land cover change on flood 
peak and volume. 
O’ Connell et al. (2007) concluded in their paper that the management 
practices which cause soil compaction at the surface reduce the infiltration capacity of 
the soil and can lead to excess runoff.
SRWC, (2007) analyzed the impact of changing forest cover on stream flow in 
Saluda Reedy Watershed and came to the conclusion that the loss in forest cover has 
affected the stream flow and flooding patterns across the watershed with more 
noticeable impacts in more developed areas.
Johnson, (2008) stated that some human activities contribute to an increase in 
the adverse impacts of flood events. These human activities include increasing human 
settlements, economic assets in floodplains and the reduction of natural water 
retention by land use change. 
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Khalequzzaman, (2000) argued that urbanization and deforestation are among 
the main long-term factors that contribute to increased floods in Bangladesh. 
Posthumus, (2008) identified that the recent changes in agricultural and flood 
defence policies create new opportunities for involving rural land use, in particular 
agriculture, in flood risk management.
Solaimani et al. (2009) computed a correlation between land use pattern, 
erosion and sediment yield in Neka River Basin using geographic information system. 
The results revealed that the total sediment yield has notably decreased after an 
appropriate land use/land cover alteration. The estimated spatial erosion for the 
southern Neka Basin was calculated about 144465m3/km2/year which after 
management policy was predicted to be 15543m3/km2/year.
Wahren et al. (2009) showed that the afforestation accelerates the rate of 
infiltration and increases soil water retention potential.
Alansi et al. (2009) concluded that the land use change can be considered as 
the main reason for increased runoff and sediment yield in tropical regions where the 
temporal rainfall variability can be neglected.
Labarda, (2009) in his study in the city of Sipalay, stated that the combined 
operations of mining, logging and Kaingin (burn and slash) farming resulted in the 
denudation of the watershed and reduced its capacity to prevent flash floods and the 
level of erosion has also gone high. 
Stehr et al. (2010) analyzed the effects of changes in land use patterns on the 
hydrologic responses of the Vergara Watershed. Results have shown that the mean 
annual discharge increase with agricultural land use and diminish with forest 
coverage. 
Barredo and Engelen, (2010) worked out the flood vulnerability of Pordenone 
Province that has suffered several heavy floods. Results of the study confirm that the 
main driving force of increased flood risk is found in new urban developments in the 
flood prone areas.
Gupta and Nair, (2010) in their paper discussed that the accelerated haphazard 
urban growth of Indian cities is adding to the problem of their flood vulnerability. 
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Land use issues like decreased natural areas, loss of water bodies, choking of 
river/streams, and uncontrolled multiplication of built-up areas have been identified as 
contributory factor to flood risk in Chennai and Bangalore.
Iqbal, (2010) while working in Malda, West Bengal reported that the 
unplanned land use activities, deforestation, development of irrigation in the upper 
valleys reduced base flow and increased the flood discharge that has resulted in wide 
variation of flow from lean period to monsoon.
Solin et al. (2010) concluded that the frequency of flood events increases with 
the increasing total land cover change in a catchment and this tendency is clearly 
distinguishable but there is no difference in frequency of flood events as far as type of 
land cover change (accelerating or decelerating runoff) is concerned.
1.4 Aims and Objectives of the Study
The present study will be carried out with the purpose of fulfilling the 
following objectives:
1. To assess the land use/land cover change in Upper Jhelum Catchment from 
1961 AD to 2001 AD.
2. To determine the impact of land use/land cover change on flood occurrences 
in terms of magnitude and frequency.
3. To find out the extent of land liable to flood inundation.
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2.1 Data Sets 
 The method to evaluate the hydrological impacts due to land use modifications 
can be achieved through integrating remote sensing and GIS. This study was 
conducted in an 8600 km2 basin located amidst of Pir Panjal, Greater Himalayas and 
the Harmukh range. The study area spatially lies between 33° 21′ 54″ N to 34° 27′ 52″ 
N latitude and 74° 24′ 08″ E to 75° 35′ 36″ E longitude with a total area of 8600.78 
sq.kms. The dominant vegetation cover in the river basin consists of coniferous trees. 
Other land covers that can be found are few small or medium sized urbanized built up 
areas especially the along river banks and roadsides. The main tributaries of the river 
are Lidder, Sind, Vishaw Romushi, Rembiara and Dudhganga. 
 The present study has been carried out utilizing both primary as well as 
secondary data sets. Fig. 2.1 shows the general methodological scheme that has been 
applied in order to accomplish the present study.  Primary data includes Survey of 
India toposheets on 1: 50000 scale and satellite imagery of IRS-1C LISS III of the 
year, 2001. The number and arrangement of the toposheets is given in the table 2.1 
and the general characteristics of the satellite image that has been used for the generation of 
land use/land cover map of 2001 are highlighted in the table 2.2.     
         
Table 2.1: Toposheets of the study area (Number and Arrangement) 
43 K/5 43 J/11 43 J/15 43 N/3 43 N/7 
43 K/6 43 J/12 43 J/16 43 N/4 43 N/8 
- 43 K/9 43 K/13 43 O/1 43 O/5 
- 43 K/10 43 K/14 43 O/2 43 O/6 
- 43 K/11 43 K/15 43 O/3 43 O/7 
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Table 2.2: Characteristics of remote sensing data acquired for the study 
Satellite Sensor Bands Orbit Altitude 
(Km) 
Swath 
width (Km) 
Spectral 
sensitivity 
(µ) 
Spatial 
Resolution 
(meters) 
                                  
IRS 
(Indian 
remote 
sensing) 
                       
LISS III 
Linear 
Imaging 
Self-
scanning 
Sensor 
          
1-4 
                                   
24 days 
at 
equator 
                         
840 
                          
142 
                                            
Green (0.52 
0.59) 
                           
23.5 
 
Red  (0.62-
0.68)  
Near IR 
(0.77-0.86) 
 
148 Mid IR 
(1.55-1.70) 
70 
 Source:  Lillesand and Kiefer, 2000. 
  
 Secondary data which mostly includes rainfall data in millimeters and data 
related to floods and average discharge has been obtained from Regional 
Meteorological Department, Kashmir Valley and the Department of Flood Control (P 
& D Division) Srinagar, respectively. Other ancillary data required for the study has 
been acquired from various other government departments and publication. The 
floodplain map has been acquired from the Department of Disaster management of 
government of Jammu and Kashmir. 
2.2 Methodology 
 The Upper Jhelum catchment has been taken from the source of the river 
Jhelum upto to Asham for the reason that the slope of the Jhelum basin changes 
significantly from this part of the study area to the Wular Lake which is the ultimate 
base level for the river. Moreover, the river starts adjusting to its base level from this 
point as it is a part of the depression that forms the Wular Lake. The study 
encompasses a vast scope for the different methodological techniques to be applied.          
The method and materials involved in the study are different for different 
parameters but guided to solve the main problem. Thus, the methodology has been 
divided into various steps based on techniques employed and data used. These are 
categorized into the following major types: 
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Remote Sensing and GIS Methods 
Field Work 
Statistical Methods 
Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow chart showing methodological framework of the study 
Fig. 2.1 
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2.2.1 Remote Sensing and GIS Methods   
 The present study is the combined implementation of GIS and Remote 
Sensing techniques. The methods and techniques applied in the present study are 
given below under various heading.  
Construction of a Digital Data base  
The first step is the transformation of the soft copy into digital form. This 
process is accomplished in various steps as given below.  
  a.   Geo-referencing: - The thematic maps like Base map, Drainage map, Land use/ 
Land cover map were generated from SOI toposheets of 1961. These toposheets 
were in a photographic TIFF (Tagged image file format) format and were finally 
registered to a Universal Geographical Coordinate system. For registration 
Ground control points (GCP’s) at the intersection of latitude & longitude lines 
have been selected. The thematic maps were initially projected on Geographical 
lat/long coordinate system.  
  b.  Digitization: - The second step involved is the on screen digitization of various 
themes like, drainage, land use/ land cover, etc in the form of feature data line, 
polygon and point. The process of digitization was done in ArcView 3.2a GIS 
software  
  c.  Cleaning and Building Topology: - The process of cleaning and building 
topology has been done by first changing the format of the data from shape file 
to Arc coverage and then the tools like clean vector layer and Build Vector layer 
topology are operated to do the required job. 
Digital Image Analysis 
 Digital image processing is an extremely broad subject but the methodological 
procedure of the present study has been confined to the following steps.   
A.  Acquisition of satellite data 
B.  Preprocessing 
C.   Image Enhancement and Sub-setting. 
D.  Image Classification 
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A.  Acquisition of satellite Data  
The satellite imagery acquired for the Present study is IRS-1C LISS III mosaic 
scenes of 2001. 
B.  Preprocessing 
 Geo-referencing is an important preprocessing operation done in the present 
study. The random distortions have been removed by providing precise locational 
information through Ground Control Points (GCP’s). The  GCP’s on the thematic 
maps have been located quite easily on lat/long coordinate intersections while on the 
imagery it has been located on spectrally distinct areas like distinctive water bodies, 
edges of land cover parcels, stream junctions etc. The process of image registration 
and rectification was done in Erdas Imagine 8.4 software package. Finally the 
thematic maps and imagery were projected on a unique geodetic system Universal 
Transverse Mercator Projection.  
C. Image Enhancement and Sub-setting 
The image enhancement tool which was time and again used while 
interpreting the imagery is the Contrast enhancement (brightness) of the Data 
Preparation Module in Erdas 8.4.  
Sub-setting:  In this process, the imagery and toposheets were clipped to include only 
the study area. This was done by converting the digitized boundaries into AOI format 
and then clipping the imagery and toposheets into the area of study. 
D.  Image Classification 
The main phases of image classification for the present study have been 
broadly divided and elaborated as follows. 
i. Classification Scheme  
ii. Ground Truthing and Verification 
iii. Supervised Classification 
iv. Accuracy Assessment 
v. Post Classification Processing. 
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vi. Analysis and quantification of differences in land use/land cover and 
preparation of final Maps. 
i. Classification Scheme 
  The present study incorporated the modified classification scheme of NRSA 
Hyderabad adopted by state Remote Sensing centre J&K for generation of Land use/ 
Land cover maps of J&K state in 2006. 
ii. Ground Truthing /Verification 
 In present study, ground truthing was conducted both in pre classification as 
well as post classification stage. 
iii. Supervised Classification 
The whole process of supervised classification was carried out by using 
various modules of image processing and was carried out for the satellite data of IRS-
1C LISS III satellite imagery of 2001. 
iv. Accuracy Assessment 
A complete Accuracy Assessment was performed on both the classifications 
generated during the present study. An automated procedure using the Accuracy 
Assessment tool of classifier module in Erdas imagine 8.4 software was employed in 
assessing the accuracy of the land use/land cover map of 2001. The Accuracy 
Assessment was done by employing random stratified sampling technique. 
v. Post-Classification Processing  
 The automated Supervised Classification has many errors of misclassification, 
particularly in the shadow regions giving a poor accuracy report. Such anomalies in 
the classification have been rectified by assigning a correct class value by Fill and 
Recode methods in utilities module of the software used for the image processing.  
vi. Analysis and quantification of differences in Land use/Land cover and 
preparation of final maps 
The land use/land cover statistics obtained from the attributes tool of raster 
module of the software were analyzed to draw certain inferences. The absolute change 
in land use/ land cover of the two dates was obtained by the difference of the values 
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of different dates of the same category while percentage change was calculated by 
dividing it with the total area and multiplying by hundred.  
 
          
           
 The ArcView 3.2a was used in preparation of final outputs in the form of 
maps. They were then exported to photographic formats for hard copy output. 
 The floodplain map has been modified from Government of Jammu and 
Kashmir Submergence Plan of Kashmir Valley updated upto the flood of September 
2006. The area that was inundated in the floods of 1988, 1992, 1997 and 2006 has 
been taken as the floodplain of the river Jhelum right from Badasgom to Asham area. 
The submergence map acquired from the Govt. of J & K has been geometrically 
rectified with the image of the study area in Erdas Imagine 8.4 software and digitized 
in the ArcView 3.2a software. The new generated floodplain shape file was overlaid 
on the study area image and the new floodplain of the study area has been generated. 
The upper part of the floodplain (Fig. 5.1) is submerged under water when the 
discharge in the main river is around 50000 cusecs while as the lower parts are 
usually inundated with a discharge of about 35000 cusecs. 
2.2.2 Field Work 
The present study which mostly deliberates on the problem of floods in the 
Upper Jhelum catchment mandates an intensive field work in the study area. As such 
an intensive field work was undertaken to visit the sites where breaches usually take 
place. Dogripora is the important site where breaches upto ten metres have been 
recorded during the major historical floods. Wetlands like Shallabugh and Hokarsar 
have mostly been encroached which is clear from the observations that were made in 
the field during the completion of this study. Various settlements which are most 
affected because of floods were visited in order to come up with a general 
comprehension of their vulnerability. Few among these settlements are Naugam, 
Nyaiyun, Bemina, Sangam etc. Shadipur and Gur which are the confluence points of 
Sind and Lidder with River Jhelum respectively have also been visited. The Flood 
100×=
areaTotal
changeAbsolute
changePercentage
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Spill channel which takes off from the Jhelum at Padshahibagh has been visited to 
validate the recorded observations. Measures were undertaken to cover the areas that 
fall within the upper reaches of the Jhelum catchment to find out the present state of 
forest cover. 
2.2.3 Statistical Methods 
 The surface run-off analysis has been carried out employing various statistical 
techniques. An attempt has been made to analyse changes in hydrologic regime of the 
Upper Jhelum Catchment in relation to changes in land use which have taken place in 
the last 40 years. Historical time series data on stream flow, rainfall and land use have 
been used in the analysis. The discharge time series data has been divided into two 
parts based on the trend observed in rainfall from 1971 to 2010. One part of the series 
ranges from 1971 to 1990 and the other part from 1991 to 2010. Scatter diagrams 
were plotted for the rainfall data. Simultaneously the data series has also been 
subjected to regression analysis in order to get the general trend. The discharge data 
has been analyzed applying the same methodology. Various parameters of rainfall and 
discharge like average annual rainfall, average annual discharge and discharge to 
rainfall ratio have been analyzed by applying different statistical tools. The average 
annual rainfall for the whole catchment has been computed from the total annual 
rainfall received at the four meteorological stations of Pahalgam, Kokarnag, Qazigund 
and Srinagar located within the study area. The average of the discharge passing 
through the flood gauging stations of Sangam, Padshahi Bagh and Asham has been 
taken as the average discharge of the Jhelum catchment. 
  Digitization work has been carried out for entire analysis of basin 
morphometry using GIS software (ArcView 3.2a). The order was given to each 
stream by following Strahler (1964) stream ordering technique. The attributes were 
assigned to create the digital data base for drainage layer of the river basin. The map 
showing drainage pattern in the study area (Fig. 5.2) was prepared after detailed 
ground check with GPS survey on channel network. Various morphometric 
parameters such as linear aspects of the drainage network: stream order (Nu), 
bifurcation ratio (Rb), stream length (Lu) and areal aspects of the drainage basin: 
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drainage density (D), stream frequency (Fs), texture ratio (T), elongation ratio (Re), 
circularity ratio (Rc), form factor ratio (Rf) etc. of the basin were computed. 
The total annual rainfall and the data related to discharge were plotted on the 
scatter diagram along with the five year moving average for the purpose of smoothen 
the data series. The general trend in rainfall and discharge variables has been 
calculated using the regression equation y= a + bx. The annual peak discharge data 
has been subjected to the statistical methods frequently used in the hydrological 
analysis in order to calculate the recurrence interval and exceedence probability. 
Recurrence interval of various peak discharges has been measured using the 
Weibull’s method (1939), by applying the equation   

where T= recurrence 
interval, n= number of observations and m= rank of the peak. In order to get the 
recurrence interval through the above mentioned equation the peak discharges were 
first arranged and ranked in descending order of the magnitude of the discharge. The 
exceedence probability i.e. the percentage of years during which an annual peak 
discharge of a given magnitude may be equaled or exceeded has been measured using 
the equation   
	

 % where F=exceedence probability. 
Chapter -3                                                                     Geographical Setting of the Study Area
3.1 Study Area-Location and Extent
The study area spatially lies between 33° 21′ 54″ N to 34° 27′ 52″ N latitude and 
74° 24′ 08″ E to 75° 35′ 36″ E longitude with a total area of 8600.78 sq.kms (Fig. 3.1). 
It covers almost all the physiographic divisions of the Kashmir Valley and is drained 
by the most important tributaries of river Jhelum. Srinagar city which is the largest 
urban centre in the valley is settled on both the sides of Jhelum River and is 
experiencing a fast spatial growth. Physical features of contrasting nature can be 
observed in the study area that ranges from fertile valley floor to snow-clad mountains 
and from glacial barren lands to lush green forests. 
Location Map of the Study Area
Source: Generated from SOI toposheets, 1961
Fig. 3.1
Jammu & Kashmir
Jhelum Basin
Upper Jhelum Catchment
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Physical features of natural beauty with enormous tourist attraction potential 
are spread throughout the study area. Dal Lake which is located in the north-west of 
Srinagar is a feature of bewildering scenic beauty. Mughal gardens located on north 
and north-eastern side of Dal Lake are surrounded by the Zabarwan hills. Besides, 
there are other places like Pahalgam, Sona Marg, Yus Marg, Tosha Maidan endowed 
with great natural beauty. 
3.2 Physiography
The study area can broadly be divided into the following physiographic 
divisions:
 Mountainous region of Pir Panjal and Greater Himalayas
 The lacustrine deposits of Karewa
 Jhelum Valley Floor
Mountainous Region of Pir Panjal and Greater Himalayas
The Pir Panjal is a lofty mountain chain with many of its peaks rising above 
the perennial snowline and forms the southern boundary of the study area and 
separates it from the Plains of Jammu. Some of the peaks of Pir Panjal rise above 
3500 metres and are capped with extensive glaciers which project their tongues down 
the slopes. The highest of the peaks, Tattakuti and Barhma Sakli, rise above 4500 
metres and are located in the south-west of the study area. 
Lithologically and geomorphologically the Pir Panjal range portrays a high 
degree of complexity. A succession of folding and faulting has resulted in the 
emergence of sharply defined ridges with spectacular slopes contrasted by low-lying 
depressions. Pir Panjal abruptly rise from the plains of Jammu like an escarpment and 
descends through the long gently slopes towards the study area showing an orthoclinal 
structure. In the south of Upper Jhelum catchment, almost all the glaciers are nestled 
on the graded northern slope of Pir Panjal as it is ideally suited to the accumulation of 
snow. These glaciers are small and devoid of valley tongues. In its east-west axis 
throughout the study area the range extends for over forty-eight kilometres ultimately 
culminating in the Rupri ridge. The head-streams of all the important left bank 
tributaries of river Jhelum, such as Bringi, Sandran, Vishaw, Rembiara, rise in this 
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precipitous ridge. Rupri ridge is the abode of many water bodies like Bhag Sar, Barani 
Sar, Dhaklar Sar, Kounsar Nag etc. Bhag Sar and Dhaklar Sar are among the 
important sources of Rembiara. Pir Panjal is more imposing in its east-west axis, 
which in the Rupri promontory is studded with a number of peaks, most conspicuous 
among which is Barhma Sakli (4704 metres) and Tattakuti (4743 metres). Other peaks 
in the range are Kounsar Nag (4436 metres), Parasing (4583 metres) and Shipkor 
(4288 metres). The passes in the study area running through the Pir Panjal range 
assume special significance. Of these, the Pir Panjal (3491 metres), Budail Pir (4261 
metres) and the Banihal Pass have been the most frequented (Stein, 1895). Rupri Pass 
and Chhoti Gali Pass are among the important passes in Upper Jhelum catchment.
The Great Himalayan range, which encloses the study area on the east-
northeast and north-north-west, is a massive topographic barrier, offering stupendous 
difficulties in cross communication. The famous tourist place Pahalgam endowed 
with golden meadows and lush green forests all around is situated amidst of Great 
Himalayan range in the north-east of study area. The northern tributaries of the 
Jhelum have formed gorges through these mountains and point up the only routes to 
communication to lands beyond. Ladakh, for example, is reached only by a tortuous 
route along the sinuous Sind valley through Sonamarg (golden meadow); an attractive 
tourist centre situated amidst of lush green Himalayan Blue pine forests. Lidder is one
of the important right bank tributary of Jhelum which has its sources on the southern 
slopes of greater Himalayas running through the study area from east to north-west. 
The North Kashmir range forms the water divide between Jhelum and Kishenganga, 
the affluents of the latter drain its northwestern slopes. Of the two mountain ranges 
girdling the study area, the Pir Panjal and the Greater Himalayas, the latter is more 
imposing. This is easily discerned from the altitude of its peaks, the highest one being 
Kolahoi 5425 metres and the average height of its crest, which occupies more area 
above 3650 metres than the Pir Panjal range. Other conspicuous peaks are Sheshnag 
5096 metres and Hoksar 4298 metres. The Himalayan range forming the eastern 
boundary of the study area branches off from the main chain close to the peak near 
Amaranth. Between the eastern and the western branches of the Lidder, above 
Pahalgam south-west of Amarnath lies the huge snow field of Kolahoi-the peak rising 
to 5425 metres. The Kolahoi feeds the headstreams of the Lidder and the Sind on 
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either flanks. In its southern extremity the mountain chain coalesces with the Pir 
Panjal not far from the Banihal Pass.
The Lacustrine Deposits of Karewa
Locally known as ‘wudur’ the Karewa is a unique physiographic feature of the 
study area. Karewas are the lacustrine deposits of the Pleistocene Period. 
Lithologically they consist of blue, grey and buff clays and silt, partly compacted 
conglomerates and sandstones, pebble beds and embedded moraines. The Karewas 
present in the study area are generally found along the lower slopes of Pir Panjal with 
a dip towards the valley floor and extend from Kulgam to Gandarbal. Karewas are 
also found on the right bank of Jhelum in the west of Lidder River but are 
comparatively more discontinuous and degraded. The Karewas are more imposing 
along the left bank of Jhelum throughout their length. The Karewa formation covers a 
wide area in the Upper Jhelum Catchment from south-east to north-west all along its 
longitudinal extent. The Karewa series differ vastly in their surface characteristics and 
are divisible into two main types- the sloping Karewas and the flat- topped Karewas.  
The former, however, is the dominant type. Their gently sloping surfaces towards the 
Valley floor have been cut into deep ravines. The flat-topped Karewas are few and 
farther apart. They are found mainly in three places: in Pampore, the Karewa upland 
rising to seventy five metres above the Valley floor; in Payech, ninety-six metres 
above the general level; and near Anantnag, seventy five metres above the 
surrounding area.
The Valley Floor
The flat track called the ‘Valley floor’ that forms the third and important 
physiographic division of the Upper Jhelum Catchment. It extends from the plains of 
Vishaw, Sandran and Bring River in the south-east upto Asham in the north-west. The 
plains of Rembiara and Vishaw have been carved out from the Karewas of Shopiyan.
This part of the study area is liable to the recurrent flood inundation and go on 
receiving layer after layer of fine silt and coarse gravel. The Valley floor can be 
divided into two parts on the basis of width and the longitudinal extension of 
Dudhganga River can be taken as an approximated boundary. The portion that lies 
below Dudhganga is wider than the part above it. Major portions of the Valley floor in 
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the Upper Jhelum are permanently covered with water and make weedy lakes. The 
Srinagar city which is the most important urban centre in the Kashmir Valley is 
entirely settled within the floodplain region of the Jhelum. The part of the Valley 
floor, especially below Awantipura is covered with a chain of low-lying swamps, 
called Nambals and lakes which often act as natural absorption basins during floods.
Significant among these are the Dal, Nagin and Anchar Lakes and the Batamaloo, 
Hokarsar, Naugam and host of other Nambals.
3.3 Geology
The geological history of the study area ranges from Cambrian to Recent as 
shown in the fig. 3.1. 
Source: Generated from Geological Survey of India
Fig. 3.2
The central alluvial part of the Upper Jhelum catchment is a Recent formation 
surrounded by Karewas on the south and south-west and Jurassic formations on the 
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north north-east and north-west.  These three are the major formations found in the 
study area. South eastern part of the study area is composed of Triassic and Cambro-
Silurian formations. Few linear stretches in the north of the study area are of Triassic 
and Jurassic formations interspersed with unclassified granites and gneisses. Other 
geological formations found in the study area are Eocene, Permo-Carboniferous, 
Volcanic/Basic Intrusive and Dogra Slates. 
3.4 Drainage Network
The Jhelum and its associated streams that drain the bordering mountain 
slopes together constitute the drainage network of the study area. They include the 
fairly developed systems of the Sind, Rembiara, Vishaw and Lidder rivers as well as 
tiny rivulets such as the Sandran, Bringi and Arapat Kol (Fig. 3.3). Adjusted to the 
varying nature of geomorphic and geological setting, the fluvial systems in the study 
area have peculiar characteristics of their own. Drainage system of the Upper Jhelum 
catchment has an evolutionary history marked by stupendous changes in level, 
rejuvenating at one time, and at others becoming sluggish, or even choking their 
channels with their own debris with consequent diversions and the ever-threatening 
process of mutual piracy.
Right Bank Drainage Basins 
The Sandran: Having its birth below the Kakut peak in the Pir Panjal, the river passes 
through a deep carved channel, studded with big boulders from its source to a point 
close to Vernag. Below Vernag its bed is aligned parallel to that of the Jhelum. As it 
debouches into the plain, the river sheds its load, and bifurcate itself into a number of 
channels which later unite and form a main stream. The Sandran is more perennial in
flow only in its lower portion of about eight kilometres before its merger with Bring. 
The combined waters of the Bring, Sandran and Arapat Kol merge with the Jhelum a 
little above Khanabal near Anantnag. Extending over a total catchment area of only
291 km2, the Sandran flows for fifty kilometres from source to confluence with the 
Bring.
The Bring: The headstreams of the Bring receive the snow-melt from a vast area in 
the Pir Panjal close to the source of the Sandran. After the confluence of Ahlan and 
the Razparyin above the village of Wangom the river is called the Bring. The stream 
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then takes a west-northwest direction flowing for some twenty-five kilometres upto 
south of Anantnag and unites with the Sandran close to Haranag
The Arapat Kol: Before merging with the Sandran, the Bring receives the waters of 
the mountain torrent known as Arapat Kol at Bangdar. With a small catchment area 
within the Great Himalayan range the stream drains the Kutihar valley. 
Source: Generated from SOI Toposheets on 1: 50000 scale, 1961
Fig. 3.3
The Lidder: Lidder being the first major right bank tributary of the Jhelum has a long 
and picturesque valley which is surpassed only by that of the Sind. The lidder grows 
larger after the confluence of the West and the East Lidder which unite at Pahalgam 
after originating from the Kolahoi and the Sheshnag snow fields respectively. The 
western branch after having received the Lidderwat, an upland torrent from Tarsar, 
flows for thirty kilometres before its merger with the East Lidder. The later catches 
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the snow-melt from the Sheshnag and traverse a course of a little over twenty-four 
kilometres before reaching Pahalgam.
Downstream of Pahalgam, the lidder flows through a narrow valley, studded 
with massive boulders and overlooked by dense forests covering the valley facing 
slopes, till it finds its way into a wide alluvial fan. 
At the head of its delta, the main stream is bifurcated into a number of 
channels which fan out to form a wide alluvial plain and merge with the Jhelum 
between Khanabal and Gur.
The Arapal: The Lidder and the Sind being the largest drainage basins in the study 
area drain the entire southern and southwestern slopes of the Great Himalayan range, 
leaving little scope for any other stream to survive. The two tinny rivulets-the Arapal 
and the Harwan-are tightly interposed between the two major affluents of the Jhelum. 
The Arapal, besides getting its water supply from the famous Arapal Nag spring, also 
drains the eastern and south-eastern slopes of Wustarwan before its confluence with 
the Jhelum above Awantipura. The western flank of the valley formed by Arapal is 
comparatively wide below Pastun.  
The Harwan: Harwan Nalla draining the entire valley facing slopes of Harawar, 
Burzakut, Mahadeo and Sarbal escapes into the Dal Lake through a number of other 
mountain torrents. Some of the feeders of the Harwan originate from the Mar Sar at 
an altitude of about 3849 metres.
The Sind: The Sind River with a flowing length of about hundred kilometres and a 
basin area exceeding 1556 square kilometres is the most well developed and largest
side valley of the Jhelum. Its primary feeders originating below the lofty peaks near 
Zoji-la are joined by a number of other head-streams from the Amarnath, Kolahoi and 
Panjtarni snow fields. The gushing mountain torrent at Sonamarg, drain through a 
narrow channel with deeply incised caves formed in the bordering rocks on both the
banks. Further down, the depth of the river bed increases more and more to assume 
the character of a gorge below the steep banks fringed overlooked by the stands of 
silver fir, junipers and birch. The Sind valley widens out below Kangan, although the 
incising tongue of the arable land reaches as far up as Wangat (1989m) in the Wangat 
valley and Gund in the Sind valley. The Sind receives the Kanaknaz or Wangat on its 
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right bank few kilometres below Kangan. The width of the bed of the Sind is 
comparatively larger between Manigam and Gandarbal. Above Gandarbal the river 
takes a southerly direction before entering into a wide flood-plain. After debouching 
into the plain area the slope gradient is substantially reduced as a result the river sheds 
its load, its own channels choke with debris and the main stream bifurcates into a 
number of channels over an extensive deltaic core. One of the branches finds its way
into the Anchar Lake while the others merge with Jhelum near Shadipur.
Upto to Kangan the Sind falls 3,433 metres in about 69 kilometres or 50 
metres in 1 kilometre. From Kangan to Shadipur the gradient is gentle-6 metres in 1 
kilometre. 
Left Bank Drainage Basins 
The Vishaw: The Vishaw draws its waters from the area lying in the southeastern 
corner of the Kashmir valley, close to that of the Jhelum. In the initial stage the 
Jhelum is heavily dependent on Vishaw to maintain the character of a river. The 
famous waterfall of Ahrabal is formed by Vishaw While passing through the volcanic 
strata in the Pir Panjal range. Near Damhal Hanzpur the Vishaw receives the 
combined wares of Sikwas nalla and Kandai Kol and form a wide sandy bed occupied 
by a number of braided channels. It merges with the Jhelum about twelve kilometres 
below Kulgam at Akhran. One of the bifurcated channels of the Vishaw, however, 
continues farther north, merging with the Rembiara near Nyaiyun.
The Rembiara: The source of Rembiara lies in the Rupri ridge which is the 
culmination of the Pir Panjal towards west, its main feeders originating from Rupri 
peak and the Bhag Sar Lake on the one hand, and the Pir Panjal and the Nabba Pir 
pass on the other. A little above Shopiyan the river is divided into a large number of 
channels, two of them being well marked and called Rembiara and the Sasara. While 
the Nyaiyun is the meeting place of Rembiara and Jhelum, the Sasara flowing west of 
Rembiara empties itself into the marshy land west of Awantipura before finally 
having its confluence with the Jhelum. The Rembiara traverse a course of sixty 
kilometres while as the Sasara branch flows for another forty kilometres.
Romushi: The snowy peak of Kharmarg near Nabba Pir pass in the Pir Panjal is the 
source region of the primary feeders of Romushi. The upper fast flowing torrents join 
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the Romushi at Pakharpur and give rise to a sizable stream draining the wide sandy 
beds of Karewa slopes. The Romushi merges with the Jhelum near Wudipur, below 
Awantipura.
The Dudhganga: Originating below the lofty mountain peak of Tatakuti in the Pir 
Panjal range, the Dudhganga runs in the north-north-east direction and finally loses 
itself in the marshy land west of Srinagar. Shaliganga joins the Dudhganga near Bagh 
Sahib Ram and the united stream empties its waters into the Nambal, a few kilometres 
below thus, a good amount of discharge is never allowed to pass into the Jhelum. The 
Dudhganga flows for a length of fifty kilometres and has an average gradient of sixty-
three metres in one kilometre.
The Sukhnag: Draining the northern slopes of Pir Panjal various mountain torrents 
unite themselves into the Sukhnag. Descending from the mountains the Sukhnag 
passes through a wide sandy bed across the Karewas, finally losing itself into the 
marshes of Rakh Arat, west of Hokarsar.
3.5 Climate 
The overall landscape setting of a region is the outcome of the prevalent 
climatic regime. The weather and climate of Kashmir valley are intrinsically linked 
with the weather mechanism in the sub-continent in general. The climate setting in the 
Upper Jhelum catchment is almost same as that of the Kashmir valley. The Kashmir 
valley located at an altitude of about 1600 metres in the north-western corner of the 
Himalayas, encircled by mountains on all sides gives it a unique geographical 
character with distinctive climatic characteristics. Within the valley interesting 
variations in weather are witnessed largely owing to variations in altitude and aspect.
The characteristic features of the climate of the valley are: mild summers, vigorous 
and severe winters with rain and snow, a muggy and oppressive weather in July and 
August and the most exquisite pleasant spring.
The climate of the valley falls within the Dfb category in the Koppen’s
classification scheme of world climates which has a close association with the sub-
Mediterranean climate. Infact Meher-Homji (1966) had described the climate of the 
valley as sub-Mediterranean type. 
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January is the coldest month in the study area. Kashmir valley receives most 
of its precipitation in the form of snow in the winter season. At Srinagar, in the month 
of November the mean maximum and the mean minimum temperatures read about
14ºC and 1.5ºC respectively. From November to January the temperature starts 
declining. Many years of extreme cold in the valley had been recorded in which the 
temperatures were as low as -15ºC at Srinagar.
Four meteorological stations are situated within the study area namely 
Pahalgam, Srinagar, Qazigund and Kokarnag. There is Spatio-temporal variation in 
the rainfall quantum measured at the above mentioned meteorological stations. The 
monthly mean minimum rainfall measured at Pahalgam from 1971 to 2010 is 71 mm 
and the monthly mean maximum is 136.2 mm. at Srinagar, the monthly mean 
minimum and the monthly mean maximum is 30 mm and 82.5 mm respectively. 
Kokarnag is a high altitude meteorological station like Pahalgam, situated in the south 
bordering mountain chain of Pir Panjal. The monthly mean minimum rainfall 
recorded at this station from 1971 to 2010 is 25.8 mm while as the monthly mean 
maximum is 208.2 mm. Qazigund meteorological station is no exception to this 
variability. Monthly mean minimum and the monthly mean maximum rainfall figure 
recorded at this station during the above mentioned period is 73.3 mm and 234 mm 
respectively.
Table 3.1 shows the seasonal calendar of Kashmir valley. June to September is 
the summer season in the valley of Kashmir. The mean monthly temperature in May 
at Srinagar is usually about 22ºC, the mean maximum and mean minimum being 
about 29.4ºC and 15ºC respectively. July is the hottest month in which the maximum 
temperature on a particular day may shoot upto 35ºC at Srinagar. The mean maximum 
and mean minimum temperature in this month fluctuate between 30ºC and 18ºC 
respectively. This is the time when the Kashmir valley has almost all of its floods as it 
receives the maximum proportion of its rainfall during this period.  
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Table 3.1: Seasonal calendar of Kashmir valley
Wandah Winter 15  Nov - 15 Jan
Sheshur Severe Cold 15 Jan – 15 March
Sonth Spring 15 March – 15 May
Gresham Summer 15 May – 15 July
Wahrat Rainy season 15 July – 15 August
Harud Autumn 15 August – 15 November
Source: Bhat, 2005
3.6 Natural Vegetation
Champion and Seth (1968) have classified the forests of Jammu and Kashmir 
state into the seven types, amongst sixteen major ones recognized by them in India.
The classification of champion and Seth (1968) does not hold well for the 
Kashmir valley, because its temperate climate is not influenced by the south-west 
monsoons and is markedly different from that of the Outer Himalaya. This has 
prompted some local workers to elaborate the idea of Inayatullah and Ticku to 
classify the forests of Kashmir valley under a distinct sub-type. Accordingly, these 
forests are classified into three main groups: Kashmir temperate forests, Kashmir sub-
alpine forests and Kashmir alpine forests.
1. Kashmir Temperate Forests (1600 – 2700 m)
These forests, as conceived here, correspond to the two groups of champion 
and Seth (1968), namely Himalayan moist temperate forests and Himalayan dry 
temperate forests. This group is characterized by the extensive occurrence of 
coniferous forests, with little species diversity and often interspersed with some broad 
leaved deciduous arboreal elements. The species distribution varies greatly with the 
altitude and aspect, as a result of which two main sub-groups may be recognized: the 
Karewa forests and the montane forests.
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(a) The Karewa Forests (1600 – 2700 m)
The Karewa mounds are interspersed with these forests along foothills and are 
subjected to much biotic interferences due to their nearness to habitations. Two main 
types of forests are recognized in this category: blue-pine forests and deciduous scrub 
forests.
The main species of Karewa blue-pine forests is blue-pine/ kail, with very 
little deodar and some broad leaved trees on moist slopes. Karewa deciduous scrub 
forests are mainly found on the southern slopes which have been cleared of the 
original forests and are subjected to grazing and browsing. Various shrubs and bushes 
are the dominant cover in this category.
(b) The Montane Forests (2100 – 2700 m)
These comprise of variety of forests, with pure and mixed stands of coniferous 
and broad leaved elements. Various other sub-types with the main species of blue-
pine and silver fir and very little of deodar, spruce and yew are the characteristic 
feature of these forests. A layer of shrubs is also found in this category.
2. Kashmir Sub-alpine Forests (2700 – 3400/3500 m)
These forests are characterized by the preponderance of silver fir in the lower 
reaches and birch at higher elevations. Accordingly two types of forests are 
discernible: montane high level fir and birch forests. The birch forests are usually 
found above 3200 m though isolated birch trees may also be seen dotting the high-
level fir forests much below this altitude.
3. Kashmir Alpine Forests (>3400/3500 m)
These forests occur above the tree line, in very cold and rigorous climate. 
They comprise alpine scrubs, formed mainly by stunted birch, junipers, some willow 
and other species.
It is, however, sometimes difficult to sharply delimit the sub-alpine from the 
upper temperate forests. Besides, the altitudinal range of these forest types is not 
uniform throughout the valley.
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4. Meadowland Vegetation
Cradled within the mountain slopes in Kashmir, there are many highland 
valleys or meadows. These meadows experience a set of peculiar climatic and edaphic 
conditions, which favour the growth of diverse temperate and alpine grasses and other 
herbal species. Locally known as Margs, these vast grassy expanses have tremendous 
economic importance to shepherds, Gujjars and Bakarwals.
3.7 Soils
Kashmir valley depicts rich diversity in soils, whose origin varies from 
alluvial to lacustrine and glacial. The soil cover is of considerable thickness in the 
bowl of Kashmir and in the adjoining terraces, where enormous deposition has taken 
place since Pleistocene times.
Raza et al. (1978) dealt with the soils of Kashmir with reference to the 
following broad physiographic divisions:
(a) The valley basin and the side valleys of the Jhelum, upto 1850 m
(b) The highlands, mainly between 1850 and 3350 m
(c) The Karewa uplands
Valley Soils
The soils of the valley basin and the low altitude terraces are fertile and 
abound in organic matter and other plant nutrients, besides being fairly rich in calcium 
and magnesium. Their texture is variable from clayey loam to loams.
Highland Soils
There are important differences in soil types within the highlands, mainly 
depending, inter alia, on the site, nature of slope and altitude. The mountain slopes are 
usually forested, interspersed with extensive patches of grassland. Texturally, the soils 
of different altitudinal belts in the Kashmir valley are mostly silty and clayey.
Karewa Soils
The Karewa soils are composed of silts, thus poorer, though differences occur 
between the Karewa gurti varieties and the rich gurti soils. Based on colour, the 
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Karewa gurti soil types vary from light-hued soil (e.g. Ompora Karewa) and red-hued 
soil (e.g. Budgam Karewa) to the dark blackish soil referred to as ‘Surzamin’. The 
Karewa soils are economically important and are used for growing saffron, almonds, 
walnuts, apples and peaches. The higher reaches of Karewa soils are under maize 
cultivation.
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4.1 Land use/Land cover-Conceptual Framework
Land is the basic natural resource of mankind. Over the span of human 
history, man has drawn most of his sustenance and much of his fuel, clothing and 
shelter from the land. Man fulfills his needs by putting the available land to different 
uses. Nature has provided human beings with abundant resources where he benefits 
himself from it with minimum efforts. Land use is the use of the land by man. In other 
words, land use simply means the use to which the land is being put or the utilization 
of land devoted to human activities. Sekliziots (1980) defines land use as the human 
function of a given area while land cover is the physical surface of the land. The land 
use/land cover change analysis has become a central component in current strategies 
for managing and monitoring environmental changes. Human activities play an 
important part in virtually all natural systems and are forces for change in the 
environment at local, regional, and even global scales. Social, economic, and cultural 
systems are changing in a world that is more populated, urban, and interconnected 
than ever. Human dimension’s research includes studies of potential technological, 
social, economic, and cultural drivers of global change, and how these and other 
aspects of human systems may affect adaptation and the consequences of change for 
society. Much of this research is “cross-cutting”—integral to explorations of causes 
and impacts of changes in atmospheric composition, climate, the water cycle, 
ecosystems, land use and land cover, and other global systems. As the earth’s 
population has been growing rapidly and more stress is put on the land to support the 
increased population, hydrologic resources are affected both on local and global scale.
Since humans have controlled fire and domesticated plants and animals, they 
have cleared forests to wring higher value from the land. About half of the ice-free 
land surface has been converted or substantially modified by human activities over the 
last 10,000 years. A recent study estimated that undisturbed (or wilderness) areas 
represent 46% of the earth’s land surface (Ball, 2001). Forests covered about 50% of 
the earth’s land area 8000 years ago, as opposed to 30% today (FAO, 2003). 
Agriculture has expanded into forests, savannas, and steppes in all parts of the world 
to meet the demand for food and fiber. Agricultural expansion has shifted between 
regions over time; this followed the general development of civilizations, economies, 
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and increasing populations (Mittermeier et al., 2003). Determining the effects of land-
use and land-cover change on the Earth system depends on an understanding of past 
land-use practices, current land-use and land-cover patterns, and projections of future 
land use and cover, as affected by human institutions, population size and distribution, 
economic development, technology, and other factors.
The changes of land use patterns certainly provide many social and economic 
beneﬁts. However, they also come at the cost of stability of natural environment.  The 
need for a closer integration or coordination between flood management plans and 
land use plans has been recognized since long. Land use change is driven by the 
interaction in space and time between biophysical and human dimensions. The 
potential large impact of land use/land cover change on the physical and social 
environment has stimulated research in the understanding of land use change and its 
main causes and effects. The Land use/Land cover Change Project of the International 
Geosphere-Biosphere Programme (IGBP) and the International Human Dimensions 
Programme on Global Environmental Change (IHDP) aims at stimulating and 
coordinating research on land use change (Lambin et al., 1999; Turner et al., 1995). 
The scientific research community called for substantive study of land-use and land-
cover changes during the 1972 Stockholm Conference on the Human Environment, 
and again 20 years later at the 1992 United Nations Conference on Environment and 
Development (UNCED, 1992). In the past decade, a major international initiative to 
study land-use and land-cover change (LUCC), the LUCC Project, has gained great 
momentum in its efforts to understand driving forces of land-use change (mainly 
through comparative case studies), develop diagnostic models of land-cover change, 
and produce regionally and globally integrated models (Lambin et al., 1999; Geist and 
Lambin 2002).
The strong interest in land-use and land-cover results from their direct 
relationship to many of the planet's fundamental characteristics and processes, 
including the productivity of the land, the diversity of plant and animal species, and 
the biochemical and hydrological cycles. Land cover is continually molded and 
transformed by land-use changes such as, for example, when a forest is converted to 
pasture or crop land. Land-use change is the proximate cause of land-cover change. 
The underlying driving forces, however, can be traced to a host of economic, 
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technological, institutional, cultural and demographic factors. In fact, humans are 
increasingly being recognized as a dominant force in global environmental change 
(Moran 2001; Turner 2001; Lambin et al., 2001). Changes in land use are likely the 
most ancient of all human-induced environmental impacts. Land-use and land-cover 
change can contribute to natural hazards such as drought and flooding. The link 
between land cover and flooding is very important. Detailed historical research in one 
watershed, the North Fish Creek in Wisconsin, suggests that rapid deforestation for 
farmland contributed to sedimentation and flooding in the 19th century (Fitzpatrick et 
al., 1999). 
4.2 Land use/ Land cover Categories 
Conversion of forests to other forms of land management has been the general 
trend in mountainous areas. Such changes have been widespread in the past several 
decades in the Himalayan region (Rai et al., 1994; Singh et al., 1983). This type of 
conversion has been necessitated by increasing population pressure and limitation of 
productive agricultural land (Rai & Sharma 1998). The study area has been divided 
into the nine major land use/land cover classes. A brief description of each land 
use/land cover category class is given below:
Agriculture
These are the fallow croplands devoid of crops at the time when the imagery 
was taken. Horticulture which includes orchards, citrus fruits, herbs and shrubs etc. is 
included in the category of agricultural land use.
Dense forest
This category includes all the forest area where the canopy cover/crown 
density is more than 40 percent.
Scrub land
This is a land, which is generally prone to deterioration due to erosion. Such 
land generally occupies topographically high locations. Alpine pastures have also 
been included in this category.
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Wasteland
These are rock exposures of varying lithology often barren and devoid of soil 
and vegetation cover. They are located in steep isolated hilly and around glacial lands. 
Highly degraded scrub is included in this category of land cover.
Built-up 
It is an area of human habitation developed due to non agricultural use and 
that has a cover of buildings, transport and communication, utilities in association 
with water, vegetation and vacant lands.
Water bodies
This category comprises areas with surface water, either impounded in the 
form of ponds, lakes and reservoirs or flowing as streams and rivers.
Wetlands
All submerged or water saturated lands, natural or man-made, inland or 
coastal, permanent or temporary, static or dynamic, vegetated or non-vegetated which 
necessarily have a land water interface are defined as wetlands.
Glacial cover
These are the areas under perpetual snow cover confined to the Himalayan 
region.  
Willow plantation
These are the areas found along the agricultural cropland and wetlands. This 
plantation is more prominent along the banks of river Jhelum throughout its length.
4.3 Land use/ Land cover of Upper Jhelum Catchment (1961)
The land use/land cover statistics of 1961 in the Upper Jhelum catchment is 
given in the table 4.1. Agriculture was the dominant land use category in the Upper 
Jhelum catchment followed by the Forest cover. Agriculture being practised almost 
throughout the Valley floor was the dominant land use with an area of 2909.89 sq. 
kms. It comprised 33.83 percent of the study area. Dense Forest and Scrub were the 
other major land cover classes comprising of 26.36 with a total area of 2266.89 sq. 
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kms and 20.18 percent
respectively. 
Table 4.1:  Land use/ 
Land use/land cover
category
Agriculture
Dense Forest
Scrub
wasteland
Built-up
Water body
Wetland
Glacier
Willow Plantation
Total
Source: Computed from SOI toposheets on 1: 50000 scale, 1961
Wasteland is spread throughout the study area along the periphery. It 
1059.83 sq kms and constitute
plantation, mostly spread around the wetlands and close to the banks of river Jhelum 
covered an area of 73.69 sq
Lan
Water bodies occupied 174.04 sq. kms which constitute
study area. Glaciers are mainly found along the higher reaches of Pir Panjal
20%
12%
2%
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with and area of 1735.47 sq. kms of the study area 
Land cover of Upper Jhelum Catchment (1961)
Area in sq.kms Percentage of the total area
2909.89 33.83
2266.89 26.36
1735.47 20.18
1059.83 12.32
186 2.16
174.04 2.02
95.28 1.12
99.69 1.16
73.69 0.85
8600.78 100
d 12.32 percent of Upper Jhelum Catchment. Willow 
. kms which was only 0.85 percent of the study area.
d use/land cover statistics-1961       
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the south-west and Greater Himalayas but most of them are present in the lidder 
valley. Glaciers were extended over an area of 99.69 sq. kms followed by wetlands 
with total area of 95.28 sq kms. Glaciers and wetlands constituted 1.16 percent and 
1.12 percent of the study area respectively.
                                        
Source: Generated from SOI toposheets on 1: 50000 scale, 1961
Fig. 4.2
4.4 Land use/ Land cover of Upper Jhelum Catchment (2001)
The land use/land cover map of 2001 has been generated from the satellite 
data and is presented in the table 4.2. The table reveals that agriculture is the 
Index
Land use/Land cover - 1961
Upper Jhelum Catchment
Agriculture
Dense forest
Scrub
Wasteland
Built-up
Water body
Wetland
Glacier
Willow Plantation
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23%
15%
dominant land use with a total
the study area followed by scrub that occupies 2018.5 sq kms which is 23.5 percent of 
the total area. 
Table 4.2: Land use/ 
Land use/land cover
category
Agriculture
Dense Forest
Scrub
wasteland
Built-up
Water body
Wetland
Glacier
Willow Plantation
Total
Source: Computed from IRS-1C LISS III satellite data, 2001
Forest is the next major land cover category spread over an area 1305.2 sq 
kms occupying 15.2 percent of the study area. 
Land 
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area of 3283 sq. kms which constitutes 38.2 percent of 
Land cover of Upper Jhelum Catchment (2001)
Area in sq.kms Percentage of total area
3283 38.2
1305.2 15.2
2018.5 23.5
1253.2 14.6
370.85 4.3
122.3 1.4
46.3 0.5
55 0.6
146.43 1.7
8600.78 100
use/Land cover statistics-2001
Fig. 4.3
-up
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Source: Generated from IRS-1C LISS III satellite imagery, 2001 
Wetlands have least coverage of area in the Upper Jhelum Catchment. Total 
area under this category is 46.3 sq kms which is only 0.5 percent of the study area.
Wasteland is one of the dominant land cover category in the study area. It 
occupies an area of 1253.2 sq kms and constitutes 14.6 percent of the study area. 
Built-up, which is mostly spread on the Valley floor covers 370.85 sq kms followed 
by plantation with an area of 146.43 sq kms constituting 4.3 and 1.7 percent of the 
study area respectively. 
Source: IRS-1C LISS III satellite image, 2001
Fig. 4.4
Land use/Land cover -2001
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A total area of 122.3 sq. kms is occupied by the Water bodies which is only 
1.4 percent of the study area. Area under Glaciers is 55 sq. kms a little bit higher than 
the wetlands. They occupy on 0.6 percent of the study area.
4.5 Land use/Land cover Change-Upper Jhelum Catchment, 1961- 2001
The land use land cover change that has occurred in the study area from 1961 
to 2001 is shown in the table 3.3. The figures given in the table reveal that the highest 
change has occurred in the forest cover. It has declined from the total area of 2266.89 
sq kms in 1961 to 1305.2 sq kms in 2001 thus, registering a decrease of 961.69 sq 
kms within a period of forty years with an average annual rate of decrease of 24 sq 
kms. 
Table 4.3: Land use/Land cover Change-Upper Jhelum Catchment, 1961-2001
Source: Computed from SOI toposheets, 1961 and satellite data, 2001
Forests occupied 26.4 percent of the study area in 1961 which has come down 
to a total of 15.2 percent in 2001 showing a net decrease of 11.2 percent. Agriculture 
in the study is witnessing an increasing trend as the total area under it in 1961 was 
Land use/land 
cover category
Area in km2
(%age)
1961
Area in km2
(%age)
2001
Change in area
(%age)
Agriculture 2909.89
(33.8)
3283
(38.2)
+373.11
(4.4)
Dense Forest 2266.89
(26.4)
1305.2
(15.2)
-961.69
(-11.2)
Scrub 1735.47
(20.2)
2018.5
(23.5)
283.03
(3.3)
wasteland 1059.83
(12.3)
1253.2
(14.6)
193.37
(2.3)
Built-up 186
(2.2)
370.85
(4.3)
184.85
(2.1)
Water body 174.04
(2)
122.3
(1.4)
-51.74
(-0.6)
Wetland 95.28
(1)
46.3
(0.5)
-48.98
(-0.5)
Glacier 99.69
(1.2)
55
(0.6)
-44.69
(-0.6)
Willow Plantation 73.69
(0.9)
146.43
(1.7)
72.74
(0.8)
Total 8600.78
(100)
8600.78
(100)
2214.2
(25.8)
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2909.89 sq kms and by 2001 it has increased upto 32.83 sq kms. A total area of 
373.11 sq kms has been added to the agriculture with an average annual increase of 
9.33 sq kms thus, registering a net increase of 4.4 percent.
Land use/Land cover change statistics-1961-2001
       
. Fig. 4.5
Scrub being one of the dominant land cover categories in the study area 
recorded a net increase of 283.03 sq kms with an average annual increase of 7.1 sq 
kms. Total area under the scrub in 1961 was 1735.47 sq kms which has increased upto 
2018.5 sq kms by 2001. Scrub has recorded a total increase of 2.3 percent followed by 
wasteland that has registered an increase of 193.37 sq kms to its total area. Wasteland 
was spread over an area of 1059.83 sq. kms in 1961 and this figure has gone upto 
1253.2 sq kms in 2001. Net increase in percentage was 2.3. On an average wasteland 
has increased by 4.8 sq kms per year. Built-up in the study area has increased from 
186 sq kms in 1961 to 370.85 sq. kms in 2001,thus, registering a net increase of 
184.85 sq kms which is by no means an insignificant figure. Built-up has recorded an 
average annual increase of 4.6 sq kms. It has increased by 2.1 percent.
A net decrease of 51.74 sq. kms has occurred in the water bodies located in the 
study area. Water bodies have decreased from 174.04 sq kms in 1961 to 122.3 sq kms 
in 2001 with an average annual decrease of 1.3 sq kms. Wetlands have shown a 
reduction in area from 95.28 sq. kms in 1961 to 46.3 sq. kms in 2001. The total 
decrease in the area under wetlands has been 48.98 sq. kms which is a decrease of 0.6 
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percent. Glaciers all over the world are showing a fast decreased trend so is the case 
with the glaciers situated in the Upper Jhelum Catchment. The figures related to the 
area of glaciers in the study area have gone down from 99.69 sq. kms to 55 sq. kms 
between 1961 to 2001 respectively with is a total decrease of 44.69 sq. kms. 0.6 
percent decrease was recorded by glaciers with an average annual decrease of 1.2 sq 
kms. Willow plantation has increased from 73.69 sq. kms in 1961 to 146.43 sq. kms 
in 2001 with a total increase of 72.74 sq. kms. Plantation witnessed an increase of 0.8 
percent in its total area coverage with an average annual increase of 1.8 sq. kms.
4.6 Growth in Land use/Land cover categories, 1961-2001
Total percentage growth in different land use/land cover categories in the 
study area is very high. Some land use/land cover classes have registered a positive 
growth while as others have witnessed a negative growth.
Table 4.4: Total growth in different land use/land cover categories- 1961-2001
Land use/land 
cover category
Percentage of total area
(1961)
Percentage of total area
(2001)
Total growth
(%age)
Agriculture 33.8 38.2 13
Dense Forest 26.4 15.2 -42.4
Scrub 20.2 23.5 16.3
Wasteland 12.3 14.6 18.7
Built-up 2.2 4.3 95.45
Water body 2 1.4 -30
Wetland 1 0.5 -50
Glacier 1.2 0.6 -50
Willow Plantation 0.9 1.7 88.9
Total 100 100 404.75
Source: Computed from SOI toposheets, 1961 and satellite data, 2001
Agriculture: - Agriculture being the dominant activity in whole of the Kashmir valley 
has got maximum area under it. It has witnessed a total growth of 13 percent.
Agriculture is expanding towards the higher reaches of study area at the cost of 
forests. The unchecked population growth in the region demands more agricultural 
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land to satisfy the need of this increasing population. People are more dependent on 
agriculture than any other sector of economic activity as there is almost absence of 
diversification of economic activities.
Growth in land use/land cover categories, 1961-2001              
Fig. 4.6
Dense forest: - Forest cover has reduced from 26.4 percent in 1961 to 15.2 percent in 
2001, thus registering a growth of -42.4 percent. Decrease in forest cover means more 
and more degradation of environment. Deforestation, agricultural expansion and 
increasing built-up are putting tremendous pressure on the forest resources of the 
study area. Wood is the most important source of energy for the rural people. 
Increasing demand for fuel wood and timber results in the acceleration in the process 
of deforestation. 
Scrub: - scrub is one of the major land cover category in Upper Jhelum Catchment 
and has registered a further growth of 16.3 percent from 1961 to 2001. The 
degradation of forests due to various reasons over a long period of time transforms 
them into scrublands.
Wasteland: - The peripheral areas of the study area are mostly covered by the 
wastelands and are increasing at the expense of scrub land. Wastelands have 
witnessed a growth of 18.7 percent from 1961 to 2001. The prolonged degradation of 
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forests and scrub has resulted in a net increase in wasteland category within the study 
area.
Built-up: - it constituted 2.2 percent of the study area in 1961 and 4.3 percent in 2001
thus, registering a growth of 95.45 percent from 1961 to 2001. Most of the built-up 
area has increased within Srinagar city as it is the largest urban centre in the Valley. 
The built-up category is still increasing on an accelerating pace to compensate the 
high population growth within the study area.
Water bodies: - There has been a substantial decrease in the area under water bodies 
from 1961 to 2001. A growth rate of -30 percent has occurred in this land cover 
category within a period of four decades. Increasing upstream erosion and sediment 
load has decreased the channel size of streams and other water bodies. Land 
reclamation is one more factor that has led to the decrease in the channel size of small 
streams.
Wetlands: - These are located in the plain region of the study area mostly around the 
Srinagar city. At the time of floods, wetlands act as the natural absorption basins. 
Wetlands are now mostly covered by the willow plantation. A total of -50 percent has 
occurred in wetlands from 1961 to 2001. About 50% of wetlands have been lost 
during the last century. Most of the wetlands in the study area act as base level for 
number of streams. The increasing sediment load of these channels finds their way 
into these wetlands which also act as flood absorption basins.
Glaciers: - Glaciers are mostly located in the north-eastern corner of the study area 
within the Lidder watershed and have substantially decreased with a total growth of -
50 percent from 1961 to 2001. There is a global trend in the decrease of glacial land 
covers due to the increase in global average temperature since last few decades. Same 
results are evident in the study area.
Willow plantation: - Willow plantation in the study is spreading at a very tremendous 
rate. It occupied 0.9 percent of the study area in 1961 which has increased upto 1.7 
percent in 2001 with a total growth of 88.9 percent. Willow plantation is more 
adapted to the water logged condition and has high soil accumulation capacity. It is 
mostly found along river banks and wetlands.
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5.1 The Run-off Process
Varied and complex factors contribute to floods and each flood has its own 
unique set of factors that affect it. The amount of rain and snow is the basic factor in 
any flood. The intensity and duration of rainstorm and snowmelt plays an important 
role in the occurrence and magnitude of floods. The condition of the soil is also 
important to determine whether water will soak into the ground or flow across the 
land and start flooding. A flood is an unusual high stage of a river due to run-off from 
rainfall and/or melting of snow in quantities too great to be confined in the normal 
water surface elevations of the river or stream, as the result of unusual meteorological 
combinations.
Land use changes can also cause flooding. In general there seems little doubt 
that many floods that occur on mid latitude rivers would not occur if the vegetation 
were in its natural state. Perhaps an even more significant land use change is 
urbanization. Hitherto vegetated rural areas become covered with buildings, concrete 
and tarmac. Evapotranspiration is reduced, and the generally impermeable surface and 
network of artificial gutters and drains ensure that a given rainfall is evacuated as 
efficiently as possible from surface to stream. The result is that flood peaks are 
increased, lag time reduced and both the rising and falling limbs of the flood 
hydrograph are steepened.
A description of the run-off process could be initiated by the question that 
what happens to precipitation when it reaches ground level? A comprehensive 
description of the run-off cycle has been given by Hoyt in terms of five phases related 
to the rainfall characteristics. In broad terms, when precipitation reaches the ground
level it may be retained there, infiltrate into the soil or flow overland to a stream 
channel.
Surface retention is a loss in the run-off as a result of interception and 
depression storage. The effect of interception is evident to anyone who has sought 
shelter beneath a large fir tree during a rainstorm. Much of the rain falling during the 
first part of a storm is caught and held by trees and other vegetation and is 
subsequently evaporated. A light rain over a well-developed forest canopy may never 
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reach the ground. As the rainfall continues, the interception capacity of the vegetal 
cover will become satisfied and more of the rain will reach the soil and be available 
for infiltration or surface run-off. Some of the intercepted water will find its way 
down the trunks of trees and shrubs to the soil.
Interception losses are affected by meteorological conditions. High winds 
during a rainstorm decrease interception storage but since the rate of evaporation 
would be increased it is likely that during a long storm the total volume of rain 
intercepted would be increased.
Interception measurements indicate that a well-developed forest will intercept 
2-40 percent of storm rainfall, depending on the type of trees. For Australia 
eucalyptus 2-3 percent rain is intercepted, for Norway spruce about 25 percent may be 
caught and for California hemlock and Douglas fir values upto 40 percent have been 
observed (Kittredge, 1937).
The rain that reaches the soil surface immediately infiltrates into the soil mass 
but when the rainfall rate exceeds the infiltration capacity of the soil, overland flow 
occurs. Depressions in the ground surface that fill with water create depression 
storage. The water follows micro channels which coalesce with others, growing larger 
and larger until the water reaches the major channels, when it becomes known as 
surface run-off. The water in transit to the stream channels is impeded by the 
vegetation and irregularities of the soil surface and is said to be in detention storage. 
Before surface run-off starts, water is passing into the soil surface and may reach 
surface channels either as sub-surface flow or, through percolation to the water table, 
as ground water flow.
Depression storage materially varies from basin to basin and results from 
closed drainages which range in size from small depressions in the ground to large 
marshes and flats. Once the rainfall or snow-melt rate exceeds the infiltration capacity 
of the soil and the depression becomes filled, further inflow to the depression is 
balanced by the outflow from it, plus evaporation and infiltration.
The flow or movement of water from the surface of the ground through the 
pores and openings into the soil mass is known as infiltration. Flow by gravity takes 
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place through the larger openings and is relatively rapid and in appreciable quantity. 
There is a maximum rate, termed the infiltration capacity expressed in inches per 
hour, at which water can enter the soil at a particular point under a given set of 
conditions. This rate is dependent upon the physical characteristics of the soil and its 
initial moisture content, upon the vegetal cover and slope of the ground surface and 
upon the rainfall characteristics. There is a great difference between infiltration on 
bare soils and infiltration on vegetated land. Table 5.1 shows results obtained by 
lysimeter studies at the Saint Dimas experimental Forest in southern California, as 
quoted by Underhill.
Compaction of soil through grazing can greatly affect infiltration rates. For 
example, in the Emme Valley, Switzerland, it was found that a four inch water depth 
would infiltrate into a forest soil in two minutes, but took over three hours to infiltrate 
into a compacted pasture. 
Table 5.1: Infiltration with various land cover types
Vegetation Total annual infiltration (inches)
Bare ground 7.7
Pine 15.1
Grass 16.7
Source: Underhill, 1962
5.2 Hydrologic Characteristics of River Jhelum 
In Kashmir, floods are causing enormous damage to life and property very 
often and occur mainly in Jhelum basin. The flood problem in the Valley arises 
primarily from the inadequate carrying capacity of the Jhelum in its length from 
Sangam to Wular Lake. The safe carrying capacity of the Jhelum from Sangam to 
Wular Lake ranges from 40,000 to 50, 000 cusecs and through the Srinagar city only 
about 35,000 cosecs. Compared to this, the flood discharge at Sangam rose to as much 
as 90,000 cosecs in 1957 and over 100,000 in 1959.
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The in adequate discharge carrying capacity of the Jhelum results in different 
type of flood problem in various reaches of the Valley. To understand them clearly it 
is inevitable to divide Jhelum into the following three reaches within the study area:
I. Sangam to Srinagar
II. Through Srinagar 
III. Below Srinagar
In the first reach, the safe carrying capacity of Jhelum is about 50,000 cusec. 
When higher discharges are experienced, the bunds breach at number of places,
mostly on the left side and submerge the low-lying areas in the vicinity. This 
however, safeguards the Srinagar city by reducing the peak discharge below the
breach level of about 50,000 cusecs just upstream of it. At Padshahi Bagh, a flood 
spill channel with a designed carrying capacity of 17,000 cusecs takes away the actual 
volume of 35,000 cusec from the main river.
Since the discharge capacity of river through Srinagar is only 35,000 cusec, a 
higher discharge would endanger the security of the city. The Srinagar city is situated 
along both the embankments of the river which adds to the difficulty of keeping the 
city safe from the inundation. The simplest solution would appear to be to raise and 
strengthen the river embankments, but there is no scope for such a measure as many 
important buildings and habitations have sprung-up right along the embankments. 
Any scheme of raising and widening the embankments would involve demolition of 
number of these structures and so solution of the problem lies in restricting the flood 
discharge of the river to the safe carrying capacity through the city. 
The reach of the river between Srinagar and Wular Lake can safely carry a 
discharge of 30,000 to 40,000 cusecs. The problem of this is interlinked with that of 
the reach below Wular Lake, commonly known as the Outfall Channel. The outfall 
channel is the only outlet of the drainage of whole valley. But it has at present silted 
up heavily and therefore cannot carry more than about 20,000 cusecs even during 
major floods. The flood waters therefore have to accumulate in the Wular Lake, 
which acts as an absorption basin. Due to the rise in the water level in the Wular 
Lake, water heads up in the reach above, almost upto Srinagar and subjects the 
embankments in the reach to greater pressure. This area known as the Sonawari area 
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has been constituted into a Community Development Block and therefore its 
submergence results in tremendous loss.
The floodplain of the river Jhelum is more prominent on the left side of the 
main channel (Fig. 5.1). This has led to the emergence of number of wetlands on this 
side and at the time of floods these wetlands act as the flood absorption basins for the 
excessive water that is debouched into them through overland flow, small rivulets and 
the flood channel. The first part of the floodplain stretches from Brazul to Sangam on 
the left side of Vishaw and from Badasgom to Bejibihara along Sandran and Bring. 
This whole belt is inundated by the over discharge of Vishaw, Sandran and Bring 
rivers. The middle portion of the floodplain that is from Sangam to Pampore is 
comparatively narrow a in this part the river Jhelum the safe discharge carrying 
capacity of 50,000 cusecs.
Below Pampore the Jhelum floodplain is most extensive almost upto Wular 
lake. The areas which are submerged in this portion during the time of floods include 
Bemina, Zainakot, Shadipur, Padshahi Bagh, Narbal, Lawaypur, Naugam etc. This 
part of the study is a depression where there are higher chances of its submergence
even at the time of low floods. In the middle section of the floodplain the areas which 
are flood prone include Pampore, Loru, Awantipora, Charsoo, Kakapora, Barsoo etc.
The threat of floods has therefore three parts i.e. from Sangam to Srinagar, 
Srinagar city and below Srinagar city. Protection of Srinagar city is obviously of 
paramount importance. Next important thing is the protection of highly fertile area 
between Srinagar and Wular Lake. Then in priority comes the protection of valley 
upstream of Srinagar. As the flood discharges, the city has to be restricted to the safe 
carrying capacity of the river in this reach and the interests of the valley upstream of 
Srinagar have to be sacrificed. In case of higher discharges coming down the river, 
often deliberate breaches are developed in the upper reach to reduce the discharge 
passing through the Srinagar city.
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Source: Modified from Govt. of Jammu and Kashmir Submergence Plan, 2006  
Fig. 5.1                                                                                                                              
5.3 Historical Floods in Kashmir Valley
History of Kashmir is of full of the tragic accounts of floods that overtopped 
the banks of the Jhelum River, swept over the cultivated lands and villages bringing 
famine in their wake. Under kings Lalitaditya and Avantivarman and other rulers of 
the land, mighty schemes of flood control and river regulation and drainage were 
conceived and undertaken. But even at present, the problem of flood control remains 
unsolved and challenging to the engineering skill of man.
Floodplain
Upper Jhelum Catchment
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In the history of Kashmir extending over two millennia before Christian era, 
many floods have been mentioned together with the damage caused by them. A list of 
great floods as prepared by Anand Koul is given below:
Table 5.2: Historical floods in Kashmir valley
Year of Occurrence                            Extent of Damage Caused
2082-2041 B.C A destructive earthquake occurred by which the earth in the 
middle of the city of Samdimatnagar rift apart and water gushed 
out in a flood and soon submerged the whole city. By the same 
earthquake a knoll of the hill at Baramulla near Khadanyar 
tumbled down which chocked the out let of the Jhelum river and 
consequently the water rose high at once and drowned the whole 
city, together with its king and inhabitants. This submerged city is 
now the site occupied by the Wular Lake.
855 A.D – 883 A.D Famine was caused by floods and steps were taken to deepen the 
Jhelum river Khadanyar in order to accelerate the flow of the river. 
This measure had the effect of minimizing the chances of flood in 
the lower part of the valley.
1379 A.D 10,000 houses and crops were destroyed.
1379 A.D Many houses and crops were swept away.
1573 A.D Many houses and crops were destroyed.
1662 A.D Many houses and crops were destroyed.
1730 A.D 10,000 houses, all the bridges on Jhelum and crops were 
destroyed.
1735 A.D All the bridges on the Jhelum were swept away.
1770 A.D Crops were destroyed.
1787 A.D
1836 A.D
The bridges at Khanabal, Bijbihara, Pampore and Amira Kadal 
were swept away.
Source: Koul, 1978
5.4 Recorded Floods of Kashmir Valley
The first flood which has been recorded on the gauge dates back to July 21, 
1893 A.D, the Shergarhi gauge; the first and the only gauge setup in 1893 showed that 
the discharge was 61,800 cusecs and the quantity that passed through Srinagar was 
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estimated at 37,500 cusecs. All the bridges except Amira Kadal and many houses 
were destroyed. Loss of life and property was immense.
Flood of 1903
The flood of 1903 is considered to be the maximum flood recorded so far. A 
good deal of damage was done. The water passed down the valley for its full width 
from hills on the right to the hills on the left of the valley.
Flood of 1905
Occurring on 12th of September, this flood was lower at Munshibagh by 2.5 
feet than that of 1903. The rainfall at Anantnag for a couple of days before the flood, 
totaled 3.32 inches against 7.3 inches in 1903. The flood passed down the valley once 
again.
Flood of 1912
It was a low flood and occurred on May 18, 1912. The rainfall was only 0.33 
inches a day or two prior to the rise at Munshibagh. It is probable that the affluents 
above Srinagar did not add much to the Jhelum River.
Floods of 1928-1929
During these floods, the gauge at Sangam rose to the highest value recorded 
by the time. The embankment near Awantipura was overtopped and breached at 
several places. The water overflowed through the depression between the left 
embankment and the hill on the left.
The gauge at Sangam rose regularly to a maximum and fell regularly; but 
more slowly than it had risen. The gauge at Munshibagh rose regularly at first became 
nearly steady for more than twenty four hours and then it rose rapidly to its maximum 
when it stayed for about twelve hours before it began to fall comparatively slowly. 
The crest and flat portion in the flood curve during rising flood indicating the 
breaches in the bund above which temporarily reduced the water level. The water that 
spilled over the banks or breached through embankments above or below Awantipura 
collected and flowed through the Nambals above Srinagar and back again into the 
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river through breaches in the bund at Padshahi Bagh. This caused the gauge at 
Munshibagh to fall slowly.
Between Sangam and Padshahi Bagh, a large number of breaches occurred in 
the bunds mostly on the left side of the river, causing heavy damage to crops and 
property. More than half of the discharge passing through the city was carried away 
by the flood spill channel.
Flood of 1950
In 1950, during the month of September, the heavy rainfall occurred in the 
whole of northern India. In the valley of Kashmir a heavy cloud burst extending over 
a few days occurred during the first week of September. Again, after an interval of 
twelve days a still heavier rainfall occurred. Since the catchment area was saturated 
during the first storm, the runoff due to the second storm was very heavy and caused a 
very high flood in the valley. As the cloud burst was very extensive, the floods in the 
Vishaw and Rembiara synchronized with the flood in the river Jhelum. The Rembiara, 
before its junction with the Vishaw at Nyaiyun, breached its left bank and inundated 
the valley on left side of the river. All the nallas, such as the Arapal and the Romushi, 
swelled up considerably.
5.5 Description of Jhelum Basin
The Valley of Kashmir is a fertile plain oval in form and surrounded by 
unbroken mountains. It is like the soccer shaped bowl surrounded by hills on all sides 
with a single drainage outlet, the river Jhelum, which actually originates from a spring 
at Verinag. The Jhelum River system is unique and does not exhibit the characteristics 
of other Himalayan rivers. It has well established meandering form and is sluggish in 
its course. Its course has not changed during the past several decades. At Khanabal it 
becomes navigable and to be so in its course upto Baramulla. From Khanabal to 
Srinagar the river flows in a single channel between earthen banks constructed by 
local farmers since ancient times and raised by government from time to time. A flood 
spill channel had been constructed at Padshahi Bagh, a little above Srinagar, to divert 
a part of flood discharge towards the low lying areas situated along the eastern bank 
of river Jhelum. The length of the river from Khanabal to Padshahi Bagh is about 
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seventy six kilometers. The level of bank is higher than the land on the left side of 
river Jhelum due to which there has been the emergence of swamps being surrounding 
by cultivated area. Along series of depressions lakes and Jheels are extended along the 
course of river and are mostly on its left bank. These are connected to the river at 
some places by outfall channels. During the floods, the spills from the river enter the 
depressions and relieve the pressure to the main river.
Through Srinagar the river flows between unbroken lines of houses 
constructed on both the embankments. The waterway is narrow between Amira Kadal 
and Safa Kadal and beyond Aali Kadal the river follows a south-westerly direction 
making a big loop. Below Srinagar the river passes through high embankments on 
either of its sides. The Anchar Lake, Shalabug Nambal and Rakhi-i-Rabitar are 
situated along its right bank while on the left of it is the old Senwar presently known 
as Sonawari area. The Sind River is divided into a number of branches a little above 
the Haran Reserved forests. Few of the branches of the river take a south-easterly 
direction and empties themselves into the Anchar Lake. Rest of the branches reunite 
and make their way through Shalabug Nambal upto Shadipur where they debouch all 
their waters into the river Jhelum. The Asham nalla taking off from the Shadipur 
provides a shortcut to Sopore, making it possible for boats to avoid a stormy and 
dangerous passage of Wular Lake. 
5.6 The Various Morphometric Parameters of the Upper Jhelum Basin 
Linear Aspects of the Channel System
The linear aspects of drainage network such as stream order (Nu), bifurcation 
ratio (Rb), stream length (Lu) results have been presented in the table 5.3.
Stream order (Nu)
In the drainage basin analysis the first step is to determine the stream orders. 
In the present Study, the channel segment of the drainage basin has been ranked 
according to Strahler’s stream ordering system. According to Strahler (1964), the 
smallest fingertip tributaries are designated as order 1. Where two first order channels 
join, a channel segment of order 2 is formed and where two of order 2 joins, a 
segment of order 3 is formed, so on and so forth. The trunk stream through which all 
discharge of water and sediment passes is therefore the stream segment of highest 
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order. The study area is a 7th order drainage basin (Fig. 5.2) The total number of 
22895 streams were identified of which 18215 are 1st order streams, 3672 are 2nd 
order, 797 are 3rd order, 165  in 4th order, 37 in 5th,  8  in 6th and one is indicating 7th 
order streams.
                     
Source: Generated from SOI toposheets on 1:50000 scale, 1961
       Fig. 5.2
Bifurcation Ratio (Rb)
The term bifurcation ratio (Rb) is used to express the ratio of the number of 
streams of any given order to the number of streams in next higher order (Schumn, 
1956). Bifurcation ratios characteristically range between 3.0 and 5.0 for basins in 
Drainage System
Upper Jhelum Catchment
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which the geologic structures do not distort the drainage pattern (Strahler, 1964). The 
mean bifurcation ratio value is 5.24 for the study area (Table 5.3) which indicates that 
the geological structures are less disturbing the drainage pattern.     
                                                        
Table 5.3: Linear aspects of the drainage network of Upper Jhelum Catchment
Stream order
u
Number of streams
Nu
Total length of streams (kms)
Lu
Mean stream length
(Km)
1 18215 11498.27 0.63
2 3672 3233.91 0.88
3 797 1521.81 1.91
4 165 743.66 4.5
5 37 541.35 14.63
6 8 347.1 43.38
7 1 109.62 109.62
    Source: SOI toposheets on 1:50000 scale, 1961
   Bifurcation ratio Mean  
bifurcation 
ratio
1st order/
2nd order
2nd order/
3rd order
3rd order/
4th order
4th order/
5th order
5th order/
6th order
6th order/
7th order
5.24
4.96 4.6 4.83 4.45 4.62 8
Stream length ratio
2nd /1st order 3rd /2nd order 4th /3rd order 5th /4th order 6th/5th order 7th/6th order
0.28 0.47 0.49 0.73 0.64 0.31
Drainage texture
1st order 2nd order 3rd order 4th order 5th order 6th order 7th order
34.57 6.97 1.51 0.31 0.07 0.02 0.002
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Table 5.4: Areal aspects of the drainage network of Upper Jhelum Catchment
Morphometric parameter Symbol/formula Calculated value
Area (km2) A 8600.78
Perimeter (km) P 526.86
Basin length (km) Lb=1.312*A
0.568 224.95
Stream Frequency Fs=Nu/A 2.66
Form Factor Rf=A/Lb
2 0.17
Elongation Ratio Re=(2/Lb)*(A/Pi)
0.5 0.46
Circularity Ratio Rc=4*Pi*A/P
2 0.4
Compactness Coefficient Cc= 0.2821P/A
0.5 1.6
Texture Ratio T=N1/P 34.57
Drainage Density (Km/Km2) D=Lu/A 2.1
Length of Overland Flow Lg=1/D*2 0.24
Generated from SOI Toposheets on 1: 50000 scale, 1961
Where,
Lu=Total stream length of order u; 
Nu=Total no. of stream segments of order u.
Lu-1=Total stream length of its next lower order
P= Perimeter (Km)
D=Drainage density
Nu+1=No. of segments of next higher order
Π= 3.14
A=Area of basin (Km2)
N1=Total no. of 1
st order stream
Stream Length (Lu)
Stream length is one of the most significant hydrological features of the basin 
as it reveals surface runoff characteristics streams of relatively smaller lengths are 
characteristics of areas with larger slopes and finer textures. Longer lengths of 
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streams are generally indicative of flatter gradients. Generally, the total length of 
stream segments is maximum in first order streams and decreases as the stream order 
increases. The number of streams of various orders in the basin is counted and their 
lengths from mouth to drainage divide are measured with the help of GIS software. 
The order wise mean stream length in the study area for the first order is 0.63 kms, 
0.88 kms for second order, 1.91 kms for third order, 4.5 kms for fourth order, 14.63 
for fifth order, 43.38 kms for sixth order and 109.62 kms for the trunk stream.
Areal Aspects of the Drainage Basin
Area of a basin (A) and perimeter (P) are the important parameters in 
quantitative morphology. Basin area is hydrologically important because it directly 
affects the size of the storm hydrograph and the magnitudes of peak and mean runoff. 
It is interesting that the maximum flood discharge per unit area is inversely related to 
size (Chorley, et al., 1957). The aerial aspects of the drainage basin such as drainage 
density (D), stream frequency (Fs), texture ratio (T), elongation ratio (Re), circularity 
ratio (Rc) and form factor ratio (Rf) were calculated and results have been given in 
Table 5.4.
Drainage Density (D)
Horton (1932), introduced the drainage density (D) is an important indicator of 
the linear scale of landform elements in stream eroded topography. It is the ratio of 
total channel segment lengths cumulated for all orders within a basin to the basin area, 
which is usually expressed in terms of km/sq. km. The drainage density indicates the 
closeness of spacing of channels, thus providing a quantitative measure of the average 
length of stream channel for the whole basin. Low drainage density leads to coarse 
drainage texture while high drainage density leads to fine drainage texture (Strahler, 
1964). The study area has a drainage density of 2.1 km/sq.km.
Stream Frequency (Fs)
Stream frequency or channel frequency (Fs) is the total number of stream 
segments of all orders per unit area (Horton, 1932). The stream frequency value of the 
basin is 2.66.
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Texture Ratio (T)
Texture ratio (T) is an important factor in the drainage morphometric analysis 
which is depending on the underlying lithology, infiltration capacity and relief aspect 
of the terrain. In the present study the texture ratio of the basin is 34.57 and 
categorized as very high in nature.
Elongation Ratio (Re)
Schumm (1956) used an elongation ratio (Re) defined as the ratio of diameter 
of a circle of the same area as the basin to the maximum basin length. It is a very 
significant index in the analysis of basin shape which helps to give an idea about the 
hydrological character of a drainage basin. The value Re of the study area is 0.46.
Circularity Ratio (Rc)
Miller (1953) defined a dimensionless circularity ratio (Rc) as the ratio of 
basin area to the area of circle having the same perimeter as the basin. He described 
the basin of the circularity ratios range 0.4 to 0.5 which indicates strongly elongated 
and highly permeable homogenous geologic materials. The circularity ratio value 
(0.4) of the basin corroborates the Miller’s range which indicating that the basin is 
elongated in shape, low discharge of runoff and highly permeability of the subsoil 
condition.
Form Factor Ratio (Rf)
Quantitative expression of drainage basin outline form was made by Horton 
(1932) through a form factor ratio (Rf), which is the dimensionless ratio of basin area 
to the square of basin length. Basin shape may be indexed by simple dimensionless 
ratios of the basic measurements of area, perimeter and length (Singh, 1998). The 
form factor value of the basin is 0.17 which indicate lower value of form factor and 
thus represents elongated in shape. The elongated basin with low form factor indicates 
that the basin will have a flatter peak of flow for longer duration. Flood flows of such 
elongated basins are easier to manage than of the circular basin.
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Length of Overland Flow (Lg)
Length of overland flow is referred to as the distance of flow of the 
precipitated water, over the land surface to reach the stream. The results obtained for 
the study area was 0.24 km. The value of overland flow is higher in the semi arid 
regions than in the humid and humid temperate regions, in addition to absence of 
vegetation cover in the semi arid regions is primarily responsible for lower infiltration 
rates and for the generation of higher surface flow (Kale & Gupta, 2001).  The low 
overland flow of Upper Jhelum basin clearly indicates that the catchment has a well-
developed stream network and receives heavy rainfall as well.
Horton’s Law of Stream Lengths
Horton’s law of stream length (1945) states ‘that the cumulative mean lengths 
of stream segments of successive higher orders increase in geometrical progression 
starting with the mean length of the 1st order segments with constant length ratio and 
the following positive exponential function model of stream lengths has been 
suggested:
        Lµ = L1 RL (µ -1)
Where,
         Lµ = cumulative Mean Length of the given order
         L1 = mean Length of the first order
         RL = constant length ratio   and
         µ = given order
The law holds good for the study area as actual cumulative mean stream 
lengths are very close to the calculated figures of cumulative mean stream lengths 
derived through the application of this law which are given in the table 5.5.
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Table 5.5: Actual and calculated cumulative mean stream length
Stream Order Actual  mean stream 
length
Actual cumulative 
mean stream length
Calculated cumulative 
mean stream length
1st order 0.63 0.63 0.63
2nd order 0.88 1.51 1.53
3rd order 1.91 3.42 3.75
4th order 4.5 7.92 9.15
5th order 14.63 15.55 22.33
6th order 43.38 65.93 54.48
7th order 109.62 175.55 132.94
Mean stream length ratio
2nd /1st order 3rd /2nd order 4th /3rd order 5th /4th order 6th/5th order 7th/6th order
1.39 2.17 2.35 3.25 2.96 2.52
    Source: SOI toposheets on 1:50000 scale, 1961
Law of Stream Numbers
The law of streams numbers relates to the definite relationship between the 
orders of the basins and stream numbers. R. E. Horton’s law of streams numbers 
states (1945) ‘that the number of stream segments of successively lower orders in a 
given basin tend to form a geometric series beginning with the single segment of the 
highest order and increasing according to the constant bifurcation ratio. The law holds 
good for the upper Jhelum catchment. The number of streams in different orders of 
the basin tends to follow a definite geometric relation as stated by the law. The 
maximum deviation is found only in the first order streams. The figures obtained 
through the application of the law are given in the table 5.6. The law of streams 
numbers is expressed in the following form of negative exponential function model:
Nμ = Rb 
(k-μ)
Where,
Nμ = number of stream segments of a given order
Rb = constant bifurcation ratio
μ = basin order
k = highest order of the basin
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Table 5.6: Calculated and actual number of streams
Source: SOI toposheets on 1:50000 scale, 1961
5.7 Discharge-Rainfall Analysis
The availability of water in a region is a function of the whole set of variables 
which determine the equation of water inflow, outflow, and storage changes at a given 
point of time. While meteorological factors play a fundamental role in these 
processes, geological strata and topographical setting are decisive in the complexion 
of storage changes.
Hydrological processes vary in space and time, and are random, or 
probabilistic in character. Precipitation is the driving force of the land phase of the 
hydrologic cycle, and the random nature of precipitation means that prediction of the 
resulting hydrologic processes (e.g., surface flow, evaporation and stream flow) at 
some future time is always subject to a degree of uncertainty that is large in 
comparison to prediction of the future behaviour of soils or building structures, for 
example. These uncertainties create a requirement for hydrologic measurement to 
provide observed data at or near the location of interest so that conclusions can be 
drawn directly from the on-site observations. The precipitation and discharge 
parameters within the study area show a marked Spatio-temporal variation. Most of 
the precipitation is received in the months of winter and spring seasons. During the 
winter season precipitation mostly occurs in the form of snow and in the spring it is in 
the form of rainfall. Similarly the discharge pattern in the Jhelum does not remain 
constant as it varies in accordance with the precipitation. Thus, the 
Stream Order Actual number of streams Calculated number of streams
1st order 18215 20701
2nd order 3672 3950
3rd order 797 754
4th order 165 144
5th order 37 27
6th order 8 5
7th order 1 1
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hydrometeorological analysis becomes imperative to predict the general behaviour of 
these parameters.
Table 5.7: Various hydrometeorological parameters of the Upper Jhelum 
Catchment, 1971-1990
Year Avg annual 
discharge
(Cusecs)
Total annual 
rainfall (mm)
Discharge 
to rainfall 
ratio
Average
annual rainfall 
(mm)
Average 
discharge
(Cusecs)
1971 3095 863 3.6 1069 15457
1972 14878 1252 11.9 1069 15457
1973 24224 1158 20.9 1069 15457
1974 12260 816 15.0 1069 15457
1975 21021 1318 15.9 1069 15457
1976 23826 1038 23.0 1069 15457
1977 5113 721 7.1 1069 15457
1978 8910 923 9.7 1069 15457
1979 7957 1170 6.8 1069 15457
1980 9672 1019 9.5 1069 15457
1981 6616 964 6.9 1069 15457
1982 5128 1102 4.7 1069 1545
1983 10675 1271 8.4 1069 15457
1984 6483 1034 6.3 1069 15457
1985 15062 823 18.3 1069 15457
1986 12743 1342 9.5 1069 15457
1987 18558 1178 15.8 1069 15457
1988 24348 1172 20.8 1069 15457
1989 10860 1084 10.0 1069 15457
1990 8770 1126 7.8 1069 15457
       Source: Department of Flood Control (P & D Division) and Regional Meteorological Centre, Sgr.
Discharge-rainfall relation-1971-1990                          
Fig.  5.3a
y = -29.932x + 12824
y = 6.8105x + 997.19
0
200
400
600
800
1000
1200
1400
1600
0
5000
10000
15000
20000
25000
30000
19
71
19
72
19
73
19
74
19
75
19
76
19
77
19
78
19
79
19
80
19
81
19
82
19
83
19
84
19
85
19
86
19
87
19
88
19
89
19
90
di
sc
ha
rg
e 
(C
us
ec
s)
Year
Avg. annual discharge (Cusecs) Total Annual rainfall (mm)
Chapter - 5           Hydrometeorological Analysis
75
Various hydrometeorological parameters are shown in the table 5.7. Average 
annual discharge in the river from 1971 to 1990 is showing a decreasing trend while 
as the total annual rainfall is depicting an increasing trend (Fig. 5.3a). 
Average annual discharge and discharge to rainfall ratio 1971-1990
   
Fig.  5.3b
Discharge to rainfall ratio has also decreased during the same time 
period (Fig. 5.3b). The decreasing nature of average annual discharge and increasing 
trend of total annual rainfall is evident from the figure 5.3c and 5.3d.
General trend of average annual discharge, 1971-1990
                                      Fig. 5.3c
The average annual discharge for most of the years from 1971 to 1990 has
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remained below the average discharge line while as the total annual rainfall line is 
following a smooth trend with respect to the average rainfall line.
General trend of total annual rainfall, 1971-1990
     Fig. 5.3d
Table 5.8: Various hydrometeorological parameters of the Upper Jhelum 
Catchment, 1991-2010
Source: Department of Flood Control (P & D Division) and Regional Meteorological Centre, Srinagar
Year
Avg. annual 
discharge
Total annual 
rainfall (mm)
Discharge to 
rainfall ratio
Average annual 
rainfall (mm)
Average 
discharge
1991 10468 1039 10.1 991.1 16958
1992 22335 1261 17.7 991.1 16958
1993 20775 1114 18.6 991.1 16958
1994 10401 1057 9.8 991.1 16958
1995 27683 884 31.3 991.1 16958
1996 26279 1090 24.1 991.1 16958
1997 24098        967 24.9 991.1 16958
1998 7591 982 7.7 991.1 16958
1999 4994 828 6.0 991.1 16958
2000 8830 905 9.8 991.1 16958
2001 8007 897 8.9 991.1 16958
2002 9826 802 12.3 991.1 16958
2003 19228 1054 18.2 991.1 16958
2004 15737 1029 15.3 991.1 16958
2005 24098 1174 20.5 991.1 16958
2006 27034 1194 22.6 991.1 16958
2007 14098 754 18.7 991.1 16958
2008 15310 845 18.1 991.1 16958
2009 16498 766 21.5 991.1 16958
2010 25870 1180 21.9 991.1 16958
y = 6.8105x + 997.19
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Discharge-rainfall relation-1991-2010
Fig.   5.4a
Since 1990 onwards, the general trend of hydrometeorological parameters of 
Jhelum basin has changed significantly as shown by the table 5.8.
Total annual rainfall in the study area from 1991 to 2010 is showing a 
decreasing trend where as the average annual discharge is manifesting an increasing 
trend along with the discharge to rainfall ratio (Fig. 5.4a and b).
Average annual discharge and discharge to rainfall ratio 1991-2010   
    
Fig. 5.4b
Figure 5.4c and 5.4d clearly shows that average annual discharge from 1991 to 
2010 has remained above the average discharge line for most of the years. Total 
annual rainfall depicts a bit decreasing trend with respect to its average rainfall line.
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General trend of average annual discharge, 1991-2010
    Fig.  5.4c
General trend of total annual rainfall, 1991-2010
Fig.  5.4d
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Table 5.9: Annual peak discharge with 5 year moving average, 1971-2010
Source: Department of Flood Control (P & D Division), Srinagar
Table 5.9 reveals that the annual peak discharge has shown an increased trend 
from 1971-2010 which is also substantiated by the figure 5.5. 
Annual peak discharge with 5 year moving average, 1971-2010
Fig.  5.5
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Year
Annual peak discharge
(Cusecs)
5 year 
moving avg.
Year
Annual peak 
discharge (Cusecs)
5 year 
moving avg.
1971 4552 - 1991 17760 22572
1972 18243 - 1992 51638 29203
1973 41100 - 1993 43731 29687
1974 19801 - 1994 14343 28470
1975 30665 22872 1995 50361 35567
1976 40425 30047 1996 49677 41950
1977 8674 28133 1997 40886 39800
1978 15117 22936 1998 12880 33629
1979 13501 21676 1999 8473 32455
1980 16410 18825 2000 9285 24240
1981 11225 12985 2001 13404 16986
1982 8700 12991 2002 14740 11756
1983 18111 13589 2003 27534 14687
1984 11000 13089 2004 21913 17375
1985 15555 12918 2005 25697 20658
1986 21621 14997 2006 36867 25350
1987 18487 16955 2007 16428 25688
1988 41310 21595 2008 16721 23525
1989 20425 23480 2009 18281 22799
1990 14880 23345 2010 27728 23205
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The five year moving average that has been drawn for the data also shows an 
increasing trend.    
Table 5.10: Total annual rainfall with 5 year moving average, 1971-2010
Year
Total annual rainfall
(mm)
5 year moving
avg.
Year
Total annual 
rainfall (mm)
5 year 
moving avg.
1971 863 - 1991 1039 1120
1972 1252 - 1992 1261 1136
1973 1158 - 1993 1114 1125
1974 816 - 1994 1057 1119
1975 1318 1081 1995 884 1071
1976 1038 1116 1996 1090 1081
1977 721 1010 1997 967 1022
1978 923 963 1998 982 996
1979 1170 1034 1999 828 950
1980 1019 974 2000 905 954
1981 964 959 2001 897 916
1982 1102 1036 2002 802 883
1983 1271 1105 2003 1054 897
1984 1034 1078 2004 1029 937
1985 823 1039 2005 1174 991
1986 1342 1114 2006 1194 1051
1987 1178 1130 2007 754 1041
1988 1172 1110 2008 845 999
1989 1084 1120 2009 766 947
1990 1126 1180 2010 1180 948
Source: Department of Flood Control (P & D Division), Srinagar
Table 5.10 gives the details of the total annual rainfall behaviour from 1971 to 
2010. The general trend followed by the total annual rainfall during the same period 
of time is of decreasing nature. The five year moving average line runs almost parallel 
to the general trend line (Fig. 5.6).
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Total annual rainfall with 5 year moving average, 1971-2010
Fig.  5.6
Table 5.11: Variation in discharge and rainfall parameters, 1971-2010     
Year
Avg. 
annual 
discharge
(cusecs)
Change 
(%)
Total 
annual 
rainfall 
(mm)
Change 
(%)
Year
Avg. 
annual 
discharge
(cusecs)
Change 
(%)
Total 
annual 
rainfall 
(mm)
Change 
(%)
1971 3095 -9.977 863 -19.23 1991 10468 -38.27 1039 4.83
1972 14878 -3.74 1252 17.11 1992 22335 31.71 1261 27.23
1973 24224 56.71 1158 3.32 1993 20775 22.51 1114 12.40
1974 12260 -20.68 816 -23.66 1994 10401 -38.67 1057 6.65
1975 21021 35.99 1318 23.29 1995 27683 63.24 884 -10.81
1976 23826 54.14 1038 -2.89 1996 26279 54.97 1090 9.98
1977 5113 -66.92 721 -32.55 1997 24098 42.10 967 -2.43
1978 8910 -42.35 923 -13.65 1998 7591 -55.24 982 -0.92
1979 7957 -48.52 1170 9.44 1999 4994 -70.55 828 -16.46
1980 9672 -37.42 1019 -4.67 2000 8830 -47.93 905 -8.69
1981 6616 -57.19 964 -9.82 2001 8007 -52.78 897 -9.49
1982 5128 -66.82 1102 3.08 2002 9826 -42.06 802 -19.08
1983 10675 -30.93 1271 18.89 2003 19228 13.39 1054 6.35
1984 6483 -58.05 1034 -3.27 2004 15737 -7.20 1029 3.82
1985 15062 -2.5 823 -23.01 2005 24098 42.10 1174 18.45
1986 12743 -17.55 1342 25.53 2006 27034 59.42 1194 20.47
1987 18558 20.06 1178 10.19 2007 14098 -16.87 754 -23.92
1988 24348 57.52 1172 9.63 2008 15310 -9.72 845 -14.74
1989 10860 -29.74 1084 1.4 2009 16498 -2.71 766 -22.71
1990 8770 -43.26 1126 5.33 2010 25870 52.55 1180 19.06
Average 15457 1069 16958 991
Source: Department of Flood Control (P & D Division) and Regional Meteorological Centre, Srinagar
y = -3.1368x + 1104.9
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Table 5.11 reveals that the change in average annual discharge from 1971 to 
1990 has been negative for fifteen years with respect to the average discharge i. e. for 
fifteen years average annual discharge has remained below the average discharge line 
and from 1991 to 2010 it has remained for only eleven years. Average discharge from 
1971 to 1990 is 15457 cusecs and 16958 cusecs from 1991 to 2010. Total annual 
rainfall during this time period is showing comparatively a steady behaviour. There 
has been negative change in the rainfall quota for nine years and for rest of the years 
rainfall is above the average line. From 1991 to 2010, out of twenty years eleven 
years have witnessed negative change and for the remaining nine years rainfall has 
remained above the average rainfall line. Average discharge from 19711 to 1990 is 
1069 mm and from 1991 to 2010 it is 991 mm.
Table 5.12: Variation in annual peak discharge, 1971-2010
     Source: Department of Flood Control (P & D Division), Srinagar
The table 5.12 clearly depicts that the magnitude of annual peak discharge has 
increased from 1971 to 1990. The average annual peak discharge from 1971 to 1990 
Year
Annual peak discharge
(Cusecs)
Change 
(%)
Year
Annual peak 
discharge (Cusecs)
Change
(%)
1971 4552 -76.64 1991 17760 -31.47
1972 18243 -6.40 1992 51638 99.24
1973 41100 110.88 1993 43731 68.73
1974 19801 1.60 1994 14343 -44.66
1975 30665 57.34 1995 50361 94.32
1976 40425 107.41 1996 49677 91.68
1977 8674 -55.50 1997 40886 57.76
1978 15117 -22.44 1998 12880 -50.30
1979 13501 -30.73 1999 8473 -67.31
1980 16410 -15.80 2000 9285 -64.17
1981 11225 -42.41 2001 13404 -48.28
1982 8700 -55.36 2002 14740 -43.13
1983 18111 -7.08 2003 27534 6.24
1984 11000 -43.56 2004 21913 -15.45
1985 15555 -20.19 2005 25697 -0.85
1986 21621 10.93 2006 36867 42.25
1987 18487 -5.15 2007 16428 -36.61
1988 41310 111.95 2008 16721 -35.48
1989 20425 4.80 2009 18281 -29.46
1990 14880 -23.65 2010 27728 6.99
Average 19490 25917
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has been 19490 cusecs which has increased upto 25917 cusecs from 1991 to 2010. 
Highest peak discharge from 1971 to 1990 has been 41100 cusecs while as it has been 
51638 cusecs.
Table 5.13: Annual peak discharge with recurrence interval and exceedence 
probability, 1971-1990.
Peak discharge
(Descending order)
Rank
Recurrence
Interval
Exceedence
Probability (%)
41310* 1 21.0 4.8
41100* 2 10.5 9.5
40425* 3 7.0 14.3
30665* 4 5.3 19.0
21621 5 4.2 23.8
20425 6 3.5 28.6
19801 7 3.0 33.3
18487 8 2.6 38.1
18243 9 2.3 42.9
18111 10 2.1 47.6
16410 11 1.9 52.4
15555 12 1.8 57.1
15117 13 1.6 61.9
14880 14 1.5 66.7
13501 15 1.4 71.4
11225 16 1.3 76.2
11000 17 1.2 81.0
8700 18 1.2 85.7
8674 19 1.1 90.5
4552 20 1.1 95.2
Source: Department of Flood Control (P & D Division), Srinagar
Recurrence interval of various annual peak discharges has been shown in the 
table 5.13. The annual peak discharge with recurrence interval of one year is having a 
magnitude of 9609 cusecs and the exceedence probability is 83.3%. Similarly the 
value of two year recurrence interval annual peak is calculated 16386 cusecs with an 
exceedence probability of 54.76% which means that an annual peak discharge with 
magnitude of 16386 cusecs has a probability of 54.76% to be equaled or exceeded 
every two years on an average. The value of annual peak discharge with five year 
recurrence interval is 30665 cusecs which is having an exceedence probability of only 
19%. An annual peak with the calculated value of 41100 cusecs may be expected 
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every ten years. The chances of it being equaled or exceeded in ten years are 9.5%. 
The twenty year recurrence interval peak may come with a magnitude of 41310 
cusecs, but the exceedence probability is only 4.8%.
Table 5.14: Annual peak discharge with recurrence interval and Exceedence 
probability, 1991-2010.
Source: Department of Flood Control (P & D Division), Srinagar.      * Secondary Floods
It is inferred from the table 5.14 that the magnitude of annual peak discharge 
with different recurrence intervals has increased from 1991 to 2010. The magnitude of 
one year recurrence interval annual peak is 15397 cusecs and the two year recurrence 
interval annual peak has a magnitude of 19467 cusecs. The figures with asterisk sign 
shows the secondary floods i.e. the floods that have over spilled the banks of the river 
due to the discharge beyond the retaining capacity of the channel or due to breaches 
caused in the banks. 
Peak discharge
(Descending order)
Rank
Recurrence
Interval
Exceedence
Probability (%)
51638* 1 21.0 4.8
50361* 2 10.5 9.5
49677* 3 7.0 14.3
43731* 4 5.3 19.0
40886* 5 4.2 23.8
36867* 6 3.5 28.6
27728* 7 3.0 33.3
27534* 8 2.6 38.1
25697* 9 2.3 42.9
21913* 10 2.1 47.6
18281 11 1.9 52.4
17760 12 1.8 57.1
16721 13 1.6 61.9
16428 14 1.5 66.7
14740 15 1.4 71.4
14343 16 1.3 76.2
13404 17 1.2 81.0
12880 18 1.2 85.7
9285 19 1.1 90.5
27728 20 1.1 95.2
Chapter - 5
Comparative analysis of peak discharges betwwen1971
   
An annual peak discharge of 43731 cusecs, 50361 cusecs and 51638 cusecs 
may be expected every five, ten and twenty years with the exceedence probability of 
19%, 9.5% and 4.8% respectively. 
discharge associated with the annual peaks has been
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-1990 and 1991
Fig.  5.7
It is clear from figure 5.7 that the volume of 
substantial from 1991 to 2010 as 
. 
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Conclusion
In the present work the effects of land use changes on the flood frequency, 
which have taken place in the last couple of decades, have been investigated for 
Upper Jhelum Catchment. The estimation of the hydrological effects of the land use 
changes is not an easy task to solve, even in light of the variability of such effects 
with the variations of the climate and of the geomorphologic characteristics of the 
territory. The way land resources utilized has a decisive influence on developmental
prospects of societies. In many places the most valuable land resources in terms of 
soil fertility, urban development space, infrastructure location like, transport links etc. 
are liable to flooding. Taking a closer look at the issue of flooding, there are two 
major aspects that connect land use and flooding: 
The location of values and key components of the economy on flood plains 
provides economic benefits (i.e. the primary reason for developments being placed 
there) and at the same time creates risks for the society in terms of flood loss 
potential. 
The development of land has consequences on the flow of water on the one 
hand, either by accelerating runoff through reducing the infiltration capacity of soils 
or obstructing the natural drainage system.
This study successfully attempted to estimate the effects of historical land
use/land cover changes on flood peak discharges and volumes. The results revealed 
that the detected land use changes have increased peak discharges and flood runoff 
volumes within the catchment. This effect was more severe within the upstream areas 
where higher rates of deforestation and agricultural expansion were rampant. 
However, the relative increases in the peak discharges were noted to diminish with 
increasing rainfall amounts. This portended that the detected land cover changes did 
not have a strong influence during large storm events. The results of the analysis have 
highlighted the remarkable sensitivity of the flood flow regime in response to the 
occurred land use changes, which implies an increase in the peak discharges of a 
given frequency. Precipitation is a major factor controlling the hydrology of a region. 
For this purpose total annual rainfall and runoff data from 1971 to 2010 were plotted 
to analyze the rainfall-runoff relationship in the study area. From Figure 5.3a, it can 
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be concluded that the rainfall-discharge relationship has been linear before 1991. 
While from 1991 onwards there was an increase in runoff from amount of rainfall that 
shows a decreasing trend. This emphasized the fact that discharge has increased due 
to land use change with comparatively lesser rainfall amount during the same period. 
The upper Jhelum Catchment is not only a natural, but also a cultural and economic 
landscape that is in the throes of development. Many factors are affecting runoff. 
These include land-use, topography, rainfall, drainage network patterns and so on. 
Land use has been changing in the upper Jhelum Catchment since 1961. The 
investigations show that changes in land use has produced significant change in the 
peak flow and the average discharge. Especially serious effects of the changes are 
observed for silting-up of river bed thus an increase in the risk of flooding. Reduced 
forest cover increases surface run-off and, therefore, flood peaks and in addition,
flood volumes. Moreover, the current land use changes in the study area have an 
effect on the flood frequency. From 1971 to 1990 there had been only four floods 
while as the river Jhelum has flooded ten times from 1991to 2010. From 1991 
onwards the study area witnessed good number of dry years. Despite this fact, five 
floods have been recorded from 2001 to 2010 as discharge to rainfall ratio increased 
due to the changing land use pattern in the upper catchment. In 2003 and 2004 a mere 
discharge of 16721 and 16428 cusecs touched the danger level at Sangam gauging 
station while as the discharge of more than 20,000 Cusecs was safely carried by the 
river to its destination before 1990. Most of the residential area and economic assets 
are located within the floodplain of the study area thus increasing the potential threat 
of the floods. The floodplain of the river Jhelum is more extensive in its lower reaches 
particularly on its left as almost all the extensive wetlands are located in this part 
which have been drastically reduced in their areal extent since 1961. At the time of 
spill over this part remains water logged for a longer time. This could be attributed to 
the limited carrying capacity of the Outfall channel as a result the slope of water level
in the Jhelum above Wular lake is reduced and the water finds its way laterally 
particularly on the left side.  The land use change impact on peak discharge and flood 
frequency in the study area is almost in accordance with global trend. The quantitative 
analysis of morphometric parameters is found to be of immense utility in river basin 
evaluation. The morphometric analysis carried out in the Upper Jhelum Catchment 
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shows that the basin is elongated in shape. Drainage network of the basin exhibits as 
mainly dendritic type which indicates the homogeneity in texture. The law of stream 
numbers and the law of stream lengths holds good for the study area. The number of 
streams in different orders of the basin and the calculated cumulative mean stream 
lengths are almost in accordance with the actual computed values. The morphometric 
parameters evaluated using GIS helped us to understand various terrain parameters 
such as nature of the bedrock, infiltration capacity, runoff, etc. Similar studies in 
conjunction with high resolution satellite data help in better understanding the 
landforms and their processes and drainage pattern demarcations for basin area 
planning and management. The study precisely concludes:
 Land use/land cover has drastically changed in the upper Jhelum catchment 
since 1961.
 Forests, wetlands and water bodies have suffered the most.
 Highest positive growth has been registered by the built-up and willow 
plantation.
 The total annual rainfall from 1971 to 1990 shows an increasing trend along 
with the rainfall to discharge ratio.
 The average annual discharge from 1971 to 1990 manifests a decreasing trend.
 The average annual discharge from 1991 to 2010 shows an increasing trend 
while as the total annual rainfall reveals a decreasing trend.
 The discharge to rainfall ratio from 1991 to 2010 shows an increasing trend.
 The magnitude of annual peak discharge from 1971 to 1990 has been less 
intensive than the annual peak discharges recorded from 1991 to 2010.
 The magnitude of annual floods has increased from 1991 to 2010 with 
recurrence intervals of 1, 2, 5, 10 and 20 years than the annual floods recorded 
from 1971 to 1990.
 There have been frequent floods from 1991 to 2010 as compared to 1971 to 
1990. 
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 The drainage morphometric parameters computed for the upper Jhelum 
catchment confirm its elongated shape which means that peak discharges 
would generally be flat and will take time to rise.
 The bifurcation ratio shows that there is little control of structure on the 
drainage pattern.
 The law of stream numbers and the law of stream lengths holds good for the 
study area
Suggestions
Floods have been recurrent phenomena in the study area. A heavy 
precipitation, usually coming during the end months of the summer season in 
association with sudden cloudburst, leads to severe flooding in the study area. By now 
the catchment area of the river is already saturated and the high run-off swells the 
rivers beyond their capacity and in no time whole study area is converted into a big 
Nambal. Not all the havoc is created by the nature; man also has added to his 
misfortune in a big way. With unprecedented population growth, human settlements 
have flourished on the floodplain of the river. At the times of high flow, the river 
swallows up its floodplain and inundates the agricultural lands with incalculable 
losses to the crops, livestock and human settlements. The decrease in forest cover in 
the upper catchment of the river and the shrinkage of wetlands in the lower parts of 
the floodplain has further aggravated the problem. The most obvious way of dealing 
with the floods in the study area is to increase the carrying capacity of the river 
Jhelum and flood spill channel so that the whole flood discharge is contained within 
the banks of the drainage channels. The maximum probable flood discharge of about 
70,000 to 75,000 cusecs at Sangam is proposed to be carried by the river against its 
present carrying capacity of about 40,000 to 45,000 cusecs. Moreover, the land use 
management policy should be devised to cope up with the floods through non-
structural measures. Few suggestions to mitigate the floods are given below.
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Non-Structural Measures
 Afforestation and reforestration of higher reaches of the catchment would
reduce the problem of soil erosion and overland flow and it will also increase 
the lag time. 
 Desiltation of Outfall channel is mandatory as it will help in increasing the 
water surface slope and velocity of the water flow.
 Desiltation of flood spill channel to increase its carrying capacity is the need 
of the hour. At the time of its construction, the carrying capacity was 18000 
cusecs which is now only 9000 cusecs (Flood control Department, Srinagar).
 Watershed prioritization must be made compulsory in order to devise a 
management strategy on priority basis. The watersheds which have surpassed 
the thresh-hold limit of anthropogenic pressure should be given the immediate 
attention.
 Deforestation and over grazing should be curbed with strict laws and 
regulations.
 Establishment of economic assets and dwellings within the floodplain should 
be allowed only after the proper management planning.
 Wetlands must be restored to their original status in order to avoid the grim 
flood situation.
 The volumetric capacity of the Wular Lake has to be increased as it is the 
ultimate flood absorption basin for the upper Jhelum. The present depth of the 
lake is approximately fifteen feet. But due to encroachment on its borders its 
capacity is reducing year by year. This process of encroachment along the 
banks of Wular Lake must be arrested in order to minimize the severity that is 
caused by the floods. 
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Structural Measures: Suggested by the Flood Control Department.
 Increasing the hydraulic radius by raising the embankments as dredging in this 
part of river would decrease the water surface slope and an increasing pressure 
may cause breaches in the embankments.
 The river bunds from Dogripora to Sangam and on the left bank of the 
Rembiara shall have to be made very strong to avoid any breaches taking 
place around them.
 Cut-offs to straighten the main channel at Shivpora and Pampore appear to be 
practicable and desirable.
 Supplementary channel from Dogripora to Wular that was once in the flood 
control plan of the government can prove very helpful in coping with the 
floods. 
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